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Most ofalkaloids a r e S e c o nda ry m e七aboユite stha七 o c c u rin the
鋭o w e ring pla m七s (the Angio sper ms). Fe w e r a r efo tlnd in a nim als,
inse cts, m arin e o rganis ms, andthelo w erplants. Am o ng6000alkaloids
is olated up to date, m o r etha n on e-fTo rth ofthe m a.r eindole alkaloids.
Ⅰndole alkaloids c a nbe dividedinto tw o m ain class e s. The fir st
c o mpris e sthe simple alkaloids. T heir str u ctu r e s a r e n ot unifo r m,
ha v 且ng O nlytheindole n u c一e u s o r adir e cもderiv ativ e of i七 a s a c o m m o n
●
fe atlユr e
,
e.g. ha rmin e(且).
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T heindole alkaloids ofthe s e c o ndcla s s, which c o ntain C9 0 TCIO
m o n oもe rpe n e r n oieもy deriv ed fro m se c ologa nin a r e C alled
''
m o n oもe rpe n oi d indoユe alkaloids
''
. T hes e alkaloids are alm ost e n出r ely
distributed a m o ngthr e epla ntfami lies:Loga nia c e a e, Apo cyn a c e a e,
`
a nd
Rubia c e a e.1) Ma ny ofthe m po s s e s sbiologi cal activite s. So m e a r ein
c u r r e nt clinic al u s e, e .g. vinc ristin e (盟) and vinbla stin e(3)(a nti
le uke mia), e rgotamin e(4) (migrain e drug), res erpin e(5) (tr a nquiliz e r
a nd hypote n siv e), yohimbine(6)(α -blo cker)I
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Itis w ellre c ogniz ed that the m o n ote rpe n oidindole alkaloids a r e
bio syn the siz ed thro ughthe biologic altr a n sfo r m ations ofstricto sidin e
(7), which w as deriv ed fr o mthe c o nde n s atio n oftrypta mim e(8)and
s e c ol ga nin(9).2)
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Amo ngthe m o n ote rpe n oid indole alkaloids, the c o mpo u nds that
po s s e s s abo nd betw e e nC5 a nd
l
c16, s u ch a s ajm alin e-type alkaloids,
m a c r olin かtype alkaloids, a nd m o st of Gels e miu m alkaloids a r e
c o n side r edtobederiv ed fTro m stricto sidin e(7)Viathe c o rr m lO n S arPagin e
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Ajm alin e-type Alkaloids
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T he se atkalo
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.ds w e, ede.iv ed fr o m ajm alin e(12)byabio mim edc synthe sis
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typeinte r m ediate s u ch a s(且且). T he s e s
.
a rpagin e-de riv ed alkaloids w ere
is olated fr o m diffe r e nt spe cie s of pla nts in Loganiac eae a nd
Apo cyn a c e a e,but n otin R止bia c e a e. 1)
In o rde r七o elu cidatethe e x a ct m e cha nis m ofthe biosynthe sis of
-
the s e alkaloids andtheir r egulatio n, detailed e n zy m atic studie s a nd
is olatio n a nd stru ctu r eelu cidatio n of allthe alkaloidp
■roducts a r e
n e c e s s ary. T his pro c e s sis c o mplicated a ndtim e
- c on s uming･ Re c e ntly
thebio synthetic studie s ofajm alin e/s a rpagin e七y pe alkaloids u singc ell-
cultu rete chniqu eisin pr ogr e s s,
3)but tho s e of m a c r olin e-type al kaloids
a nd Gels e miu m alkaloidsha v e n otbe e ndo n eyet.
Ou rinte r e st in the str u ctu r e s of the s e s arpagin e- de riv ed
alkaloids
,
theirbio syntheticpathw ay, a ndtheirbiologic ala ctivitie s,led
u sto c o n si de r a C O m m O n Strateg yfortheir synthe sis. By mi mickingthe
pla u sible bio synthetic ro ute and u sing a n atu r alc o mpo u ndthatha s a
simila r S七T u C七u r e七o the bio synthetic inte r m ediate a sthe starting
m aterial w o uldpr ovi de an effic ent synthetic pathw ay of fbw e T
･
StePS,
a nd the pr odu cts of higher optic alpu ritytha n that oftotal synthe sis･
T hu s, the synthe sis ofthe alkaloids(且3)-(且冒) u sing the c o m m e r cially
a vailable ajm alin e(且5a), which c ouldbe c o n side r ed appr o xim ately the
s a m e a stheinter m ediate(且1), a sthe starting m ate rial w a spla nn ed.
Ajm alin e(1 2)co uld be obtain ed in ala rge a m o u ntfr o mRa u w olfia
s e rpe ntin a Be nth･ , which is c ultiv ated in tr opi c al a r e afo rthe m ain
pu rpo s e of is olatio n ofr e s erpin e(5).
Thisthe sis w a s u nde rtake nin a n effo rt 七o sho wthe v e r satility of
-
ajm alin e(且盟)o nthe s emisyrithe
-
sis ofthe s a TPagin e- de riv ed alkaloids
a ndもo ga i n m o r e u nde r sta nding ofthe bio synthetic pathw ay of
-
the s e
4
alkaloids.
T he c o nもe nも of
t
thisthe sis willbe dividedinto3pa T七s.
且)Pa rtialsynthe sis of
-
vo milenine(且3)a ndpe T akin e(乱魂)
2)Biomim e七ic synthe sis of七alcarpine(且5)a ndalsto n e rin e(且6)
3)Biomim eもic synthe sis of 20-hydro xydihydr o r a nkinidin e(且官)
The intr odu ctio n fo r e a ch alkaloid a nd the pu rpo s efo rits
synthe sis wi llbe de s cribed in e a chchapte r.
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C hap七甜 且
Pa Tti卵Sym払 esis of Ra u w ol#a Å駄汲払且ds
Vo mi 且e nin e a nd Per akim e｡
M a ny pla nts in the ge n u sRa u w olfh (Apo cyn a c e a e) ha v e
m edicaln s e s. T he fir st r epo rt c o n c erningthe hypote n siv epr ope rtie s of
Ra u w olfL
'
a e xtr a cts w a s m adein 1933. Late r
,
M ulle r a nd c o- w o rke r
s u.c c e eded in is olatingthe alkaloidr e s e rpin e(5), which w a s sho w nto
be the prin ciple hypote n siv e a nd s edativ eingr edie nt of R. s e rpe ntin a
Be nth. Follo wingtheis olatio n ofre s e rpin e(5)a ndthe de m o n str atio n
of its im m e n s eimpo rta n c e a s aby pote n siv e a nd sedativ edr ug, a n
inte n s e s e a r ch w a s m ade fo r alte r n ativ e s o u r c e s a mong the Ra uw olf;a
spe cie s, pa rtic ula rly thos e which a r e e nde mic to the r egl O u S O utside
●
India.4)This r e sulted inis olatio n s of m a ny Ra u w olfia alkaloids. Tw o
m edic ally a ctiv e alkaloids :yohimbin e(6) (α -blo cker)and ajm alin e(1望)
(a ntia r rhythmia)w e r e als ois olated fr o mRa u w oIFL
'
a pla nts.
On e of Ra u woIFia alkaloids, vo mile nin e(13)w a sfirstis olatedin
1957 fr o mthe r o ots of Afric a n spe cie sR. v o Tnitoria AfTz. as a minor
c o n stitu e nt5) a nd late rit w a sfo u nd in the le a v e s of fo u rNe w
Caledomia n Ra u w oIFia spe cie s, n a m ely R. bala n s a e s sp. bala n s a e
Boite a u
,
R. bala n s a e s sp chu m a n nia n a var. ba sic ola Boitea u, R .
spαthulata Boite a u, a nd R. se v e netii Boite a u,6)and the pa n- afHc a n
spe cie s R. Caffr a So nd.7) vomi 1e nin e(1 3)is the m ain alkaloid in
6
c ultu red R. s e rpe ntin a c ells,8)theyield of(且3)w as51tim e s m o r etha n
that in diffe r e ntiated pla nもs･8a) Re c ently, the impo rta nt r ole of
v omi1e nin e(且釦in the bioger).esis ofso m eRa u w oIFia alkaloids, s u ch a s
ajm alin e(且軌 r a u c affricin e(望1), rau c affrin olin e(望2), etc り ha sbe e n
pr opo s ed, a s s um mariz ed in Fig･ 1
- 1･3)
●
Fig. 1-1 Bio synthe s
･
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*A de m o n str atio n ofthis bio chemic al r o ute isin pr ogre s sby a c o
-
ope r ativ e r e s e a r ch betw e e n Pr of･ J･ St6ckigt gr o up and o u r
labo r ato ry.
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T he stT uC七ur e ofv omi 1e nin e(且SL) w as de七e r r nin ed by Taylo r ei
al.9) thT O ugh 七he chemic al c o r r elatio n with ajm alin e (且恥 a s
inu stT a七ed in Fig. 且一軍. T he str u ctu r e Of(且3)the npr opo sed had a (19 Z)
ethylide n e Bide chain , butla七e T, Witho ut a ny che mic al e vide n c e, the
ge o m eもTy Ofthe C19po sitio n w a s r evisedto(19E),10)a sin the c o m m o n
s a rpagin e cla s s of indole alkaloids. Ho w e v e r, se veral s aTPagine-ty pe
indole alkaloids ha ving a (19 Z) 9thylide n e m oiety w ere fo und in
Ga rdn e ria a nd Gels e miu Tn SPe Cie s･1 1)co nsequ ently, c a r eful
c o nfir m atio n ofthe ethylide n e c o nfigu r atio nis n e eded.
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Me a n while o n e of the Ra uw oIFid alkaloids, pe r akin e(14),
is olated fo rthe fir st 七im e 鉛o m the aqu e o u s- m etha n olic- a c etic a cid
r a用･n ate of R･ v o mito ria,
1 2) m ay be r ega rded a s a n a rtifa ct de riv ed
fhm v o mile nin e(且3)ba s ed o nthefa ct that tr e atm e nt Of(13) with hot
a c etic a cidga v epe rakin e(14).9)In o rde rto obtain chemic alevide nc e of
the c o nrlg ur atio n ofthe ethylide ne side chain in (13)a ndto s e ethe
effe ct of the c o nfigu r atio n of the ethyliden e si de chain o nthe
the rm odyn a mic stability, the synthe sis ofv omi 1enlne (且3)a nd(19Z)-
v omilenin e(2 4)fr o m ajm alin e(12)a nds ubs equ ent tr an sfわr m atio ninto
pe r akin e(14)w e r epla n n ed.
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T he tra n sfo r m atio n of
t
ajm alin e (且盟)into vomilenin e (且3)
involves 望key steps :(i)ge n e r atio n of indole nin eringfr o mindolin e(ii)
ste r e o s ele ctiv eintr odu ctio n ofa 19,20 do ublebo nd.
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Initially, ajm alin e(且2)w a str e ated with N,N- dim ethylhydr azin e
(5equiv)a nd a c atalytic a m o u nt of E2S O4in dry EtO Hatr enuxfTor2.5
hto afro rd the s e c o nda ry a min e(望5),that w a sdire ctlycon v ertedtothe
c a rba m ate (望6) by u sing βββ-trichlo r o ethyl chlo r ofo r m ate
(CIC O2C ‡‡2C C13)u nde rSchotte n-Bau m a n co nditionsin 70% ov e r all
ヽ
yield. On hydr olysis ofthe hydr a zon efu n ctio nin (26) with c upric
chlori de (CuC12)in aqu eou stetr ahydr ofu T a n(T H F)at pH 7,1 3)the
aldehyde(”)w as obtain ed in 86 %yield. Inthe lH -N M R,(27)e xhibited
9
a s唱 n alat89.6 4 du eto a nal dehydefhn cもion . A洗er a c e七ylaもio n ofthe
l
C17 hydr o xy gr o up With a c etic a nhydride in p yridin e, the N a -
m ethylindolin e m oieもy w a s o xi diz ed with 2.9 equiv of le adもetr a a c etate
[P b(O Ac)4]in dry C H2C12 aト70
oCtofu r nishtheindolenin e(望9)in 88 %
yield. Co mpo und (望9) sho w ed the cha r a cte ristic ultr a violet (U V)
abs o rptio n pe aks at 210, 220, and 249 n m du eto the indole nin e
cbr o m opho r e.
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T he pr ote cting gro up o n Nbin(2 9)w as cle aved with zin c(Zn)in
AcO H at r o o mte mpe r ature to affo rd 1-de s m ethyl-2- dehydr o- 17-
a c etylajm alin e(2 3)(mp 238-2 4 2oC);its spe ctr al pr opertie s[m a s s
spe ctr u･ m (MS), pr oto n (1H -) a nd c a rbo n- 13 n ucle ar m agn etic
10
r e s o n a n c e(13c-N M R) (Table 1- 1)spe cもr a】 w e r ein a c c o rd withthos e of
n atu r al(望3).6,14)T hisfa ctindic ate stha七the c o nfigu r atio n at 払e C20
po sitio n didnot epim e riz e u nde r the re a ctio n c o nditio n s of
もT a n Sfo r m atio nfro m(且望)to(望3)Via the hydr a z o n ed riv a七iv e.
F(g. 1- 6
OA¢
ク
′
も､
(2g)
N
Jd N ･c o2CI12C Cl3
2 0 H
C HO
Zn
～
ac etic a cid
ク
ー
も､
N
.メ N ㌔ H
OAc
1Jes mel hy]-2･dehydro1
17･a celyLajm arLn O(23)
Tointroduc ethe do uble bo nd at the 19-2 0po sitio n, a bro min e
ato m or phe nylB ele nyl gr o up w e r eintr odu c ed at the C -2 0po sitio n
thr o ughthe silyl e n olethe r ofthe aldehydefu nctio n. Thu s,(望9) was
tr e ated succ es siv ely withte rt-butyldim ethylsilyltriflate(T B S O Tf)a nd
triethylamin e(Et3N)in dry C H2C12 a nd the n wi thphenyls ele n e nyl
chlo ride (P h SeCl) o r N -br o m o s u c cinimide (NBS)to pro vide the α-
s ubstitutedaldehyde s(30)or(31)in 53 %a nd 71% yields, re spe ctiv ely.
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Tablel･1
13
c･NM RC he mic al Shifts a nd As sign m e nts
No. Natura=23) Synthetic(23)
2
3
5
6
7
8
9
10
ll
1 2
1 3
1 4
1 5
16
1 7
1 8
1 9
20
21
-C O
地 C
-(e sler)
0･
1 83.0 183.2
54.8 54.8
49.8
＋ 49.8-
3 7.4 37.7
65.1 65.1
13 6.1 1 36.5
123.7 123.8
1 25.4 1 2 5.
128.7 128.
1 2l･1 1
.?
l･1
1 56.6 1 5 6.4
27.8 27.8
27.5 27.6
47.2★ 47.0
-
78.7 78.7
ll.9 1 1.9
2 6.0 26.0
4 2,0 42,0
87.5 87.5
1 69B 1 69.
21.1 21.1
Solve nt C D Ct3. As signtm e ntsbe arlngthe s a m e
supe rscripton v ertic alcolu m n m aybeinterchanged.
12
0Ⅹidaもio n of (30) u sing hydr oge n pe r O Xide
■
(H202), m -
chloroperbe n z oic a cid(m C P B A)o r s odiu m periodate(NaIO4)r e s ulted
in the ex clu siv efo r m atio n ofthe tetr a s ubstituted olefin s a s sho w nin
Table 1-2. Flg. 1-8
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Dehydrobro min atio n of(3且)with li th iu m c a rbon ate(Li2C O3)in
dim ethylfo r m ami de(D M F)at80
oC(Table 1-3, e ntry 4)affo rded･the
de sir ed a- olefin (3望)in 26 %yielda c c o mpa nied withthe Z
- olefin (35)
(21 %)a ndtetr a s ubstitutedole丘ns(33),(34)(total18%)･
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U2C O3(3.0).dryDMSO,8 0
oC,5h
Li2C Ch(3.0).dryacx)to rN).8 0
¢C.1･2h
3
1 8
2 6
7
10
30
25
21
2 6
10
18
12
18
20
30
54
u nkn o w n c o mpo und
55
65
53
50
n o r e a ctio n
T he ge om etry ofthe olefin s(32)a nd(35) w a s un a mbigu ou sly
determin ed by n u cle a rOv erha u s er effe ct(N O R)e xperim e nts･ Thu s,
ir r adiatio n ofthe C21 aldehyde pr oto n(8 9.3 9, 9.3 7
*)in(3望)ledto
enha n c e m e nt(22.7 %)ofthe C19 olefinic pr oto n sign al(8 6.6 2), while
9.5 %e nha n c e m ent w a sobs e r v ed betw e e nthe aldehyde pr oto n(8 10.2 1,
10.16)a nd C-1 8m ethylpr otons(82.16 a nd 2.1 7)in(35)(Fig. 1-10)･
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*Ajm alin e de riv ative s po s s e s sing a c a rba m ate fun ction in the
m ole c ule a r e ofte n sho w nby their lH - ･N M Rspe ctra to oc c u r a s a
mixtu r e ofr otation iso m e r s.
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Fig. 1 ･1 0
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19.9 %
(35)
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N･c o2CH2CCl3
Il
5,5 %
2 1C
18
Fin auy, もhe pr otecting gr oup o nNbin(32)w a s r e m o v ed with Zn
in AcO‡‡ at r o o mte mpe r atu r eto giv e ris eto v o mile nin e(1 3)in 68 %
yield. T he
lH - a nd13C-N M Rspe ctr a,infl
･
a r ed(IR)spe ctru m, M Sa nd
m p(189･ 191
oC) w e r eide ntic al with tho s e ofn atu ralv omi1enin e(13)･
The r efbr e, the st ru ctu r e ofv omi lenin e w a s c on cludedto be(13). 15)T he
Z-is o m e r(35)w a s als o c o n v e rtedtothe v omi le nin e-type c o mpo und(24)
in 75 %yield by r e m o v al orthe ca rba m ate gr o up u nde rthe sa m e
r e a ctio n c o ndition s.
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Tablel･4
13
c-N M R C he mic al S hifts and As signme nts
No. Natural(13) Synthetic(13) (24)
2
3
5
6
7
8
9
10
ll
1 2
1 3
1 4
1 5
16
17
18
19
20
21
･CO
匙短C
-(e ster)
0･
1 83.6
5 4.3
★
1
1
1
1
1
1
50.9す
36.4
65.1
3 6.1
23.9
25.8
28.9
21.1
56.3
2 6.3
2 8.2
49.0★
77.5
1 3.0
11 9.4
131.0
★★
82.5
1 69.7
21.1
1 82.3
54.4
★
50.9
★
36.4
65.2
1 36.3
123,8
1 25.7
128.
121.
15 6,4
26.4
28.4
49.2★
77.6
13.0
119.6
13 9.2
82.4
1 69.
21.1
18 2.9
55.5
5 0,6
3 7.0
64.3
1 3 6.3
12 3.8
12 5.
1 28.7
1 21.
1 56.4
26.4
3 4.4
48.6
7 7,8
1 3.0
1 22.1
1 39.4
8 0.9
1 69.
21.0
Solvent C D Cl3. Assigntm e nts be an ngthe s am e
s upe rs cripton vertic alc olu mn m aybeinte rchanged･
★ ★T hJ
'
s v alu e shou一d be revised to81 3 9.2.
(Person al Cor espo nden ce withProf. Pois son)
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Ne又も, the fTa ciliもy ofもhe tr a n sfo r m atio n ofv o mile nin e(且3) a nd
(且9Z)- vo mile nin e(盟4)intoperakine(且4)w a s c o mpa r ed. On sta nding of
(盟4)in a c etic a cidaも r o o mもe mpe r atu re, 25% of
-
the starting m aterial
had cha ngedto pe r akin e(且4)afte r17 h, a ndtw o w e ekslate r(”)w a s
c o mpletely c o n v e rtedto(且4). T he synも11 eもic c o mpo u nd(mp 1 79･183
oC)
e xhibited spe ctral pr ope rtie s(1H - a nd 13C -NMR, IR, and MS)in
a c c o rd with もho s e of a uthe ntic perakin e (且4).12)In c o ntr a st to the
r e s ults obtain ed with(望4),(且3)w as quite stablein a c etic a cidaもr o o m
もe mpe r atu T e(n o r e a ctio n for 2 days).9) Fo r the c o n v e r sio n of
v omi 1e nin e(13)to perakine(朗), r elativ ely s e v e r e c o nditio n s(r eflnxin
AcOH) w e r erequired.9)Ⅰnte r e stingly, the tw o ge o metric is o m e r s,
v omi1e nin e(13)a nd(19 Z)- v o mile nin e(望4), ga v ethe s a m epr od･u ct,
perakin e(且軌 In the 13C-N M･R spectr a, the sign al of C2 1in (朗) w a s
obs erved a七 1.5 p pm upfield fr o mthe c o r r e spo nding signal of(且3)I
Thel･efor e, pr obably du eto the ste ric r epulsio nbetw e en the hydr o xy
gr o up a nd/or the hydr oge n oriC21 a ndthe C18
- m ethylgr o upin (望4)･
cle a v age ofthe a min o
- a c etal fu n ctio nin (24) c o uldpr o c e ed m o r e
r e adily tha nthat of(且3) a nd s ubs.equ e nt M icha el
-ty pe ring clo s ure
betw e e nNb a nd C 19of a n inte r m ediate (A) w o uld fu mish the
the r m odyn amical 1y c o ntr olled pr odu ct, pe r akin e (且4), thr ou gh
epim e riz ation at the C20po sition･
1 7
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Table1-5
1
H･ N M R C hemic alShifts andAs signm ents
No.
Natural(14)
Synthetic(14)
(270M ‖z) (500M Hz)
3
5
6α
坤
9
1 0
ll
12
1 4α
1叩
1 5
16
17
18-CH3
19
20
21
･ OCO CH3
4.19(d,J=9.2)
3.6 4(I,J土5.8)
1.66(dJ =11.9)
2.81(d d,J-J l.9, 5･2)
7.48(d,J-J .3)
7.23(I,J=7.3)
7.40(t,J=7.6)
7.62(d,J主7.6)
1.7 8(dd,J=1 5.0, 9･2)
1.60(d d,J=1 5.0, 5･2)
2.8 9(I.J=4･9.5･5)
2.48(I,J=6.0)
4.94(d,J=l･2)
l.3 0(3H,d,J=6･7)
3.34(qd,J=9･2, 6･7)
2.1 7(d.J=9･2)
9.85(d,J=0.6)
2.19(3H, s)
4.1 8(d,J=9.3)
3.63(I,J=5.8, 6.1)
1.65(d,+ニ11.3)
2.81(dd,J=11.8,5･0)
7.48(dd, J=7.4, 0.5)
7.23(td,J=7.4,1.1)
7.40(td,J=7.7,1.1)
7.62(d,J=7.7)
1.7 6(dd,J=1 5.2,9･6)
l.59(d d,J=1 4･9, 5.2)
2.88(I,J= 5.2,5･5)
2.47(I,5･5)
4.94(d,J:=1･1)
1.29(3H, d,J=6･9)
3.33(qd,J=9.3, 6.6)
2.17(d,J= - 9)
9.85(d,J=0.9)
2.1 8(3 H, s)
So一vent C D CI3.
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T he Ge n u sA Isto nia is a c c o mpa nied in the tribe AIsもo nie a e
(s ubfhmily Plu m e rioide a e)ofthe Apo cyn ace a eby othe rge n e r a which
a r e als oimpo rta nt s o urc e s of indole alkaloids, e.ど. Aspidospe T
･
m a,
Catha r a nthu s
,
a nd lul a Zya.16)In v e stigationsinto the c o n stitu e nts of
AIsto nia spe cie s w ere stim ulated bythe kn o wledge thaもin Fa rEa st
extra cts of A Isto nia spe cie s w e r e c o m m o nly u s ed a s a c u r efo r
m ala llia. The ph ar m a c olog y of
-
A Islo nia e xtra cts and ofthe pu r e
alkaloids ha sbe e nin v e stigated, ho w e v er s ofar thereis n oindic atio n
ofa ny effe ctiv e a ntim ala rial a ctivity.1 7)T heA Isto nia ge n u s ap pe arsto
be divided into thr e edefin ed s e ctio n s a sfa r a s alkaloidc o ntentis
c o n c e r n ed. T ho s e c o ntaining m a c 1
･
0 in e-ty pe alkaloids belo ng to the
Mo n u r a spe r m u m s e ctio n. A. m u elleria n aDo min ., A. m a c r ophylla
W all
,
a nd A. a ngu stifolia W all'a rne ex a mple s ofthe m e mber･s ofthis
s e ctio n. 18) Al tho ugh m a c r olin e(3 6), which fe atu r e sbo nd cle a v age
betw e e nthe Ⅳb a ndthe C2 1po sitio nin the s a rpagin e cla s s of indole
alkaloids,1 9)its elf ha s n otbe e nis olated a s a n atu ralpr odu ct,2 0)(3 G)is
gen e rally a c c epted a s abioge n etic pr e c u r s o r or s o m ebisindole
alkaloids, s u ch a s m a c r alsto nine (3 7),2 1) m a c r alsto nidin e(38),2 2)
20
alsto nisidin e(39),2 3) villa sto nin e(塊O),翌oa, 2 3a, 23c, 2 4) a nd pa ndicin e
(4且).25)
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Talc aTPin e(且6)a nd alsto n e rin e(且6)are m on o m e Tic mac r oiin e-
もype alkaloids. Talc a rpin e(且6)w a sfir stis olated fr o mthe ste m ba rk of
Pleio c a rpa lalbotii Werrlha min 1972
26)a nd late rit w a sfo u nd in もhe
ba rk of A. m a c r ophylla .2 7)T he stru ctu r e of(且5) w a s elu cidated by
m a s s, uv, and lⅢ -N M Rspectr o s c opie s a nd che mic al c o r r elatio n s
2 8)
with othe r m a c r olin e-ty pe indole alkaloids, but a s yeも the
ste r e o che mistry at C 19r e m ain s u n s ettled. AIsto n e rin e(且6)w a sfir st
is olated fTro mthe tr e eba rk ofthe Au str alia n spe cie sA. m u elle ria n ain
19692 9) a nd late r w a s als ofo u nd in othe r AIsto nia spe cie s.18) T he
str u ctu r e of alston e rin e (16)is clo sely related to alstophylline(4 盟),
alsto nisin e(4 3)a ndthe hy pote n siv ebisindole alkaloid, m a c r alsto nin e
(37). Thu s,it c o uld be. c o n sideredtobe abioge n etic pr e c u r s o r･ ofthe s e
alkaloids.
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T he e x a ctbio syntbe sis of m a c r olin e-type alkaloidsis stillvague･
M e a n w王Iile
, an elega nt total synthe sis or alsto n e rin e(16) w a squite
2 2
r e c ently published by Cook etal.30) A sho rt a nd bio mim etic synthe sis
ofn l a C r Olin e-ty pe alkaloidsis stillv alu able. Als othe c o nfiguratio n aも
C 19 oFtalcarpin e(且6) w a s n e ededto be dete rmin ed. On the propo sal
tha七 m a c r olin e-ty pe alkaloids sho uldbe ge n e r ated fr o m stricto sidin?
Via the s a rpagin e-type inte r m ediate (且且), which is c o n side r ed to be
che mic ally equiv ale nももo ajm alin e(五割,the synthe sis oftalc a rpin e(且6)
a nd畠1ston erine(且6)fTro m (且9)w asplan n ed.
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The tl･a n Sfo r m aもio nfr o m ajm alin e(1 望)into talc a rpin e(15)a nd
alsto n e rin e(16)in v olv e s m ainlyfive str u ctu r alcll a nge S Ofthe sta rting
m ate rial･. i)gen e r atio n of indole 1
･ingfro mindolin e a nd epim eriz atio n
2 3
a七C 16po sition (且望to 那),ii)cle a v age of Nb-C21bond a nd fo r m atio n of
E -ring (朋 to 5且), iii)intr odu ctio n of a 19-20 do uble bo nd iv) r e-
c o n str u ctio n of E-ringle adingtotalc arpin e(15)o r v)intr odu ctio n ofa n
o xyge nfu n ctio nto C1 9bond a nd c r e atio n ofa do uble bo nd at C20
-21
le adingto alsto n erin e(16).
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Initially, the hydr o xy fun ctio n at C2 1in ajm al in e(1 2) w a s
s ele ctiv ely pr ote cted in 87 %yield with c a rbobe n zoxy gr o up u nde r
Scbotte n-Ba u m a n n c o nditio nto yieldthe c a rbo n ate(44) (m p 218-2 20
oC)I 0Ⅹidatio n orthe indolin e moietyin (4 4) with o n e equiv or le ad
tetr a a cetate [P b(O Ac)4]3 1)in dry C H2C12 gen erated the indole
deriv ative(46) (mp 80-8 2
oC)in 68 %yield･ In the l= -N M Rspe ctr u m,
2 4
(46)e xhibiteda sign alaも8 9.32du eto a n aldehyde functio n. Tr e atm e nt
of(4 6) with 1,8･dia z abicyclo【5.4.0]u nde c-7- e n e(D B U)in dry VHF
affo rdedthe epim e Tic aldehyde(4甘)as a r es ult ofthe epim e riz a七io n at
the C 16po sitio nin a q.u a ntitativ eyield. T he che mic al shift ofもhe
aldehyde pr oto nin (4甘)ap pe a r ed at0.3 8ppm lo w e rtha nthat of(46)
c a u s edbythe relea s e ofもhe shieldingeffe ct ofもheindole Ti喝
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Redu ctio n of(4 7) wi ths odiu m bo rohydride (NaB H4)ga v ethe
prim a ry alc ohol (48) (mp 177- 178
oC) in 90%
'
yield･ N e xt,
qu ate r n ariz atio n ofthe Nb gr o upin (48)with m ethyl iodide(MeI)a nd
s u c c e s siv ehydr olysis ofthe c arbon ate(49)with aqu e o u sⅨO Hs olutio n
re sultedin the fo r m atio n of m a cr oline-skeleto n(51)in 92 %yieldfro m
(48)usa the cle a v age betw e en the Nb a nd C2 1 a nd s ubs equ ent
co n str u ctio n ofthe hemia c etalring betw e e nthe pn m ary alc ohol a nd
●
the C 21aldehyde gr o up oftheinte r m ediate(50)･3
2)
2 5
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To intr odu c e ado uble bo nd at the C 1 9- 20 po sitio n, a
pbenyls ele n e nylgr o up w a sintr odu c ed to C20po sitio n by m e a ns o£
e n a min e m ethod. T hus,(51) w a she ated with 5equiv ofpipe ridin ein
a c etic a cida nd the r e s ulta nt u n stable e n a min einter m ediate (52),
which w a s obtain ed by the e v apo r atio n ofthe s olv e nt a nd r甲ge nt
u nde r r edu c ed pr e sur e, w a str e ated with phe nyls ele n e nyl br o mide
(P b SeBr) in dry CH2C12 u nde r r eflu x c onditio n to yield the
s ele n e nylated produ ct(53), which upo n rec rystalliz atio nfr o m MeO H
affordedthe a c etal(54)(mp180- 181.5 oC)in 47% overal lyield fr o m(51).
0Ⅹidation of (5 4) with s odiu m pe riodate (NaI O4)in aqu e o u s
MeO H PllH Fpr o vided a mixture c o n sisting oftw o olefin s(55)a nd(5G),
T he l= -N M Rspe ct ru mofthe mixtu r e r e v e alsthe r atio of(5 5)a nd(56)
a s ap pr o xim ately 2:1･ By the c arefu lchl
･
O m atOgr aPhic s eparation of
this mixtu r e with m ediu m pre s s u r eliquidchr o m atogr aphy and by
r e c rystalliz atio n, m ajoris o m er(55) w a s obtain ed as colorle s spris m s
26
(m p 198- 202
oC)･ N OR e 叩 e rim e nもs of (55) m ade cle a rthe
sもe r e o che misもry aも C19 a nd C21po siもi6n s･ Ir radiatio n at 2 1･H (8 5･23)
a nd olefTl nic pr oton aも C1 9(8 5･1 5) sho w ed the 且1% and 14%
enha n c e m enも of 18 胡3(8. 1.5 6)and15-良(8 2.26), r espe ctiv ely･ T his
imdic aもe sもhaもthe ge o m etry oftll e m ajo r olefin(55)ha sZ-for m ･ As 6 %
enha n c em enも w a s obs e rv ed beもw e e ll m ethoxy sign al(8 3･43)a nd17
-Hα
(8 4.41), an a n o m e ric n ethoxy gr o up existed in α
1 0 rie ntatio n･
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Fin ally, the m ajo ris o m e r(55) w as tr e ated with 5 %aqu e o u s
H2S O4 S Olutio n at r o o mte mpe r atu r efわr26htofu rnishtalc a rpin e(且6)
(mp 160- 161
oC) a nd もhe aldehyde (5 7)in 30 %a nd 59 %yield,
r espectiv ely. T he propertie s(mp. U V, lR, M S, 1払 N M R, a nd C D
spe ctr a) ofse misynthetic c o mpo u nd(1 5)3 3)w e r e w ellc o n sitenも with
払e v alu e s r epo rted in til elite r atu r e･26)
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To elu cidate the c o nfigu ratio n atC 19po sitiollin talc arpin e(16),
N O Bexperim e nts w e r e atte mpted. How eve r, the slgn als of 19-H a nd 3-
■
H w e r e o v e rlap ped in (15), s othat cle a rinfわr mation con cern ed with
the stere o che mistry at C19c o uldn ot be obtain ed. T he nthe a c etyl
deriv ative(58)w a spr epa r ed fTro m(15) (i. N aB H4in MeO H,ii. Ac20in
pyridin e)a土1dthe N O E S Ye xpe rim e nts o n(58)∇a s c a r ried o ut. Since
cle arinte r a ctio ns betw een 19-H a nd14-H(x a nd betw e e n18-H3 a ndo n e
ofthe pr oto n s o nC 21 w e r eobs e rv ed, the c o nfigu r atio n at C 19w a s
c oncludedto be S ･ Co mpo u nd(57)obtain edtogethe r wi th(1 5)bythe
2 8
acidic 七Te atm ent Oi
l
(馬5) w a s als o identical with the r epo Tもed
co mpo u nd2 6)tha七 w a sde riv ed fr o mtalpinin e(59)bythe m ethyla七io n of
鴇 with MeI. Talc a TPin e(且5)w a s als o ableto c o n v e rt to(那)by七Te ating
with K2CO3in MeO Hthr o ughthe epim erizatio n atC 20po sition ･
26)In
the 13c- N M Rspe ctr a, 七he sign al du eto C14in (且5) was obse r v ed at
do w n鮎1d(A3.3ppm)a nd, o nthe c o ntr a ry, thatofC 16was obs e r v ed aも
upfield(A3.2p pm)than the c o IT e SPO ndingsignals of(57)･(see Table 2･
1). T he s ephe n om e n a c a nbeinte rpr eted bythe γga u che efre c七 ofthe
c 21fo Tmyl gr o up･ Fr o mthis NMR a n alysis a s w ella sthe abov e
chemic al in七e r c o n v e r sio n s, the c onfigu ratio n atC19 in talpinin e(59)
sho uld be S si mi la r七otalc arpin e(15).
*
N O E data of(57)als o s tlPPO rted
this c o n clu sio n.
･ T hu sfar,the ste r e o chemistry atC19in talpinin e(59)w a sdedu c ed by
c o mpariso n of
l 臥 N M R spe ctral data of (59) a nd 21
-
bydroxycyclolo cbn e rin e･
34)
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c-N M R ChemicalShifts a nd Assignm e nts
No. Talcarpin e(15) (57)
1 32.88(s)
55.01(d)
53.20(d)
22.52(I)
10 6. 8(s)
12 6.33(s)
11 8.01くd)
11 9.04(d)
1 21.ll(d)
10 9.01(d)
13 7.07(s)
26.81(i)
26.2 0(d)
42.60くd)
67.23(t)
20.32(q)
57.88くd)
67.88(d)
203.23(d)
2 9.08(q)
41.75(q)
132.64(s)
54.50(d)
I
53.54(d)
22.51(I)
1 06. 7(ら)
1 26.40(s)
118.1 8(d)
l18.94(d)
1 21.04(d)
1 08.79(d)
137.03(s)
30.08(I)
27.02(d)
39.42(d)
68.88(I)
1 9.22(q)
54.60(d)
I
69.48(d)
2 04.70(d)
29.02(q)
41.80(q)
2
3
5
6
7
8
9
10
ll
1 2
13
14
15
1 6
17
1 8
19
20
21
Na- Me
Nb- Me
Meaturedat 500M Hz, Solve ntC DC(3
As signments be a ngthe s upe rscript
m aybeinte rcha nged
31
Ne 又もta sk w a sto synthe siz e alsto n e rin e(且6)fr o mthe c o mpo u nd
(55). To c o mpletethis obje ct,intr odu ctio n ofa n o xy ge nfu n ctio n七o C19
po sitio n a nd c r e atio n ofa doublebo nd a七C20-2 1po sitio nin (5 5) w e r e
Teqnir ed. Hydr obo r atio n of(5 5) with bo r a n edim ethyls ulfTlde c o mple x
pr o videdもw odia ste r e o m eric s e c o ndary alc ohols(60)a nd(6 且) (mp 130-
13 2oC)in 27 %and 26 %yie一d, r espectively, a c co mpa nied with 2 2% of
the sta rting m ate rial(55). The ste r e o che mistry of e a ch alc ohoIB(6 0)
and (61) w ere deter min ed by N OE obs erv atio n s a s w ell a s the
m echanistic c o nside ration of hydrobo r atio n(Gis additio n of B H3tO the
Z- olefin) a sdepicted in the Fig. 2- ll. A lc ohol(6 0) w a s s ubje cted to
Sw e rn o Xidatio ntoyieldtheketo n e(62)(mp138-140
oC)in 70 %yield. By
the s am e o xidation pro c edu re,(61)als o affo rded(62)in 57 %yield(21%
re c o v e ring ofthe starting m ate rial. T he pr odu ctio n of(62)鉛o m(60)
w a s c a u s ed by the epim erizatio n ofthe a c etyl gr o upinto the stable
equ atorialo rie ntation .
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Fin ally, (62) w a str e aもed with s odiu m hydr o xi de in Meo 光to
fu r nish alsto n e rin e(且6) (mp 162-164
oC)in 89 %yield, which w a s
i de ntic al.with the n atu r al c ompo u nd in all r e spects･
2 9) T he
a s sign m e nts ofthe che mic alshiftsin the
1 3c-N M Rspe ct ru m of(16)
in thelite r atu r e27)w e r e r e vis ed by u sing2D- N M R(1H -1H, and
13cIH
c o s y)techniqu e(s eeTable 2-2).33)
Fig. 2･1 2
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Table2･2
13
c- N M R Chemica一S hifts and
･
As sign m ents
Natural(1 6) Synthetic(1 6)
75 M Hz 125 批
No.
(s)
(d)
(d)
(I)
(s)
(s)
(d)
(d)
(d)
(d)
(s)
(t)
(d)
(d)
(I)
(q)
(s)
(s)
(d)
(q)
(q)
133.24
53.81
54.73
22.85
1 05.93
1 26.59
11 7.84
118.73
120.82
108.99
137.2 4
32.42
22.94
38.67
67.81
25.03
1 95.46
1 21. 4
1 57.42
2 9.07
41.81
(d)
(t)
(ら)
(s)
(d)
(d)
(d)
(d)
(s)
(I)
(d)
(d)
(I)
(q)
(s)
(s)
d)
rdl
1 37.39
54.02
54 B 6
22.96
1 0 5.9 3
12 6.50
117.91
1 18. 7
121.0 2
1 09.7 6
137.3 9
32.2 9
22.42
38.67
67.7 5
25.0 4
1 9 5.44
W
1 57.45(d)
2 9.12(q)
41.7 5(q)
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” - w e ak.the s】gn alc ouldnot be estabished with
c ertainly.
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望0･Hydr o xydihydr o r a nk畳nidin e
T he ge n ll SGels e miu m (Logania ce ae) c o n si ts ofthr e e spe cie s:
Ge･ls e miu m elega n sBe nch. in So uth- e a ste rn Asia; Gels e miuTn
s e TnPe r Uire n s(L.)Ja u m eSt. - H ilair e, a nd Gels e T niu m r a nhinii Sm allin
theUnited State s.
G. elega n sis a w elトkno wn to xicpla ntin So uth- e a ster nAsia a nd is
us edin C hin e s etr aditio n al m edicin e a s a n a n alge sic, antispa s m odic
a nd a re m edyfTo r c e rtain kinds of81dn ulcers･ T his plant is kno wn in
s o m eparts of C hin a a sKo u
- W e n a ndin the othe rparts(e･g･ Gu a ngxi
pr ovin c e)a sHu ･ M an･ Te ng. Mo r e r e c e ntly a pr epa r atio n ofthe もotal
alkaloids, which c o n sits ofs e v e nindividual Gels e miu Tn alkaloids(a s
sho w nby T LC)ha sbeen u s ed a s a n an alge sic fo rthe palliation of
v a rious a c ute c a n c e rpa lnS,in cludinghepatic c a n c er1
35)●
Alofthe alkaloids obtain edfr o mthe spe cie s of Gels e miu m c a nbe
divided intotw o m ain gro ups,indole and oxindole alkaloids･ T heindole
alkaloids ha v ebee n cla s sified into thr e ediffe r e nt skeletal ty pe s
'
,
s e mpe r virin e- , kou min e
-
, a nd s arpagin e-ty pe s which ･ ar e of indole,
indole nin e, and indole n u cle u s, r e spe ctiv ely･ On the othe rha nd, the
o xindole alkaloids a r edivided into fo u rdiffer ent skeletal ty pe s;
gels emin e
-
,
hu m ante nin e- , gels edine- , a ndgels elegine-ty pes･
3 5
Fig･ 3･1 Reprc senlativ c GeLs e miu m Alkaloids
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Å1tho噸hthe 七ran sfo r m atio n of[6-14c】stricto sidin eto gels emin e
(那)in a. s e mperuirens with 0.47 % in c o TPO r a七io nha sbe e n r epo rted,3 6)
地 e e x a e七 biosyntheもic pathw ayis stillv agu e. On 他e basis of 地e
structu r e s oftheis ola七ed alkaloids,thete ntativ ebio synthe七ic r o ute of
L
the Gels e miu m alkaloids w a spr opo s ed. Alo ng this biosynthe七ic
spe c ulatio n,the syn 仇e sis ofs a TPagl n e
-type alkaloids,3 7)hu m a n七e nin e
-
●
ty pe o xindole alkaloid8,
38)gels edin e
.･
skeleto n,39)gels elegin e skeleto n,4 0)
and ko umin e(64)41)w a s s u c c e s sfulin o u rlaborato ry.
Altho ugh, tw enty- nin eNa ･ m etho xyo xindole alkaloids ofv a rious
skeleto n sha v ebe enis olated fr o mGels e miuTn SPe Cie s uptodate, n on e of
me n ha sbee n synthe siz ed･ Re c en七inte n siv e r e s e a r ch on the che mic al
c o mpon e nts of G･ elegan s by o urgr o up a nd othe r s r e s ulted
in the
is olatio n of m a ny n e windole a nd o xindole alkaloids･
1 1b, 42) Am o ng
the m, 20-hydr o xydihydr o r a nkinidin e(17), a n e whu m antenin e
-ty pe Na -
m etho xyo xindole a-kaloidsis olated as a min o r alkaloids,
4 2j)isthe o nly
on ethatha s ahydTOXy atC20po sition a ndpr opo s edtobe a nim po rta nt
biosyntheticpr e c u s or ofs o血e other alkaloids s u ch a sgels elegin e(71),
gels enicin e(73), gels edin e(70)Via the a zi ri diniu minter m ediate(7B)
(Fig. 3- 2). T he pr opo s al of the aziridiniu m c o mp?u nd a s the
inter m ediatein the synthe sis ofgels elegin e-type alkaloids ha sbe e n
s up po rted bythe r e c e nt synthe sis of Na
-de m etho xy-ll
- m etho xy-1 9(R)-
hydr o xygels elegin e(77)a ssho w nin Fig･ 3-3･
40)
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T he bio synthetic pathw ay of
t
20Jlydr o xydihydro r a nkinidin e(且甘)
w a spr opo s eda s sho w nin Fig.3-4.
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Itis po s sible thatfr om sもrictosidine(7), ko umi din e(66)isfTo r m ed
via the s arpagin e-ty peinte r m ediate(且1). C/D ring ope ning w o uldyield
19(Z)･ a nhydro v oba sin ediol(6 6). T heもr an sfTo r m atio n of(66)intothe Na -
m etho xyo xindole, r a nkinidin e(69) mighもinv olve a serie s of m o r e
e xte n siv e alte r atio n s. Fin ally, the hydr ation ofthe do tlble bo ndin
T a nkinidin e(69)w o uldge n e r ate20-hydr o xydihydr o r a nkinidin e(17).
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In order to pr o v ethe pr opo salthat20
-hydro xydihydr o r a nkinidin e
(且官)is the bio synthetic inter mediate of othe r alkaloids s u ch a s,
gels elegin e(7且)a ndgels enicin e(73)by chemic al七r a n sfo r m atio n s, a n
adequ ate a m o u nt of(且7) was n e eded. T he r efo r e, the synthe sis of(且7)
fTro m ajm alin e(且2), which c o uldbe c o n side r ed ap pr o xim atelythe s a m e
a s the bio synthetic inte r m ediate (1 且), w a spla n n ed. A七 fTl r St the
c o nfigu r atio n atC20 ofthe n atu r al2O-hydr o xydihydro r a nkinidin e w a s
u n c e rtain . Fro mthe m ole c ula r stru cttlre Pr e s e nted at that 七im e(Fig 3-
5),4 3)the c o nfigtl ratio n atC 20 c o uld be c o n side r edto be either S o rR
fo r m. T his, C O n V e rtio n ofajmalin e(12)tothe co mpo undha ving one of
tw opo s sible stru.cture s of 20-hydro xydihydrorankinidine w a sthe n
atte mpted.
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lnitially,in orde rtolibe r atethe m a sked aldehyde(C2 1)鉦o m the
a mino a cetalfu n ctio n a nd to pr ote ct the Nb gro up a s c a rba m ate,
ajm alin e(1 2)w a s s u c c e s siv elytr e ated withN ,N -dim ethylhydra zin e a nd
a c atalytic a m ount of H2S O4, C a rbobe n zoxy chlo ridein 1 N- N aO H-
C H2C12 tO affo rd the be nzy1 c arba m ate (78)in 80 %yield fr o m(15a).
Hydr olysis ofthe hydr a z o n e(78)bytr e atm ent with CuC12in aqu e o u s
T H F(pH 7)ga v ethe aldehyde(79)in 84% yield. Aldehyde fun ctio nin
(79)w a s c o n v e rtedto the silyle n olethe r(80)in 71% yield bytr e atm e nt
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with
r
l
l
B SOTfand王批3Nin dryCH2C12(Fig. 3-6). Expos ure ofthe silyl
en olether($0)to o s miu mtetr a o xid6(OsO4)in p yri din e-V H Fga v e α-
hydr o xyaldehyde(畠且)as a single pr odu ctin 8 1%yield13b)I sin c ethe
ヽ
c o nfigu ratio n of C20 po sitio nin (8且)c o uldn otbe dete rmin ed fTr o mthe
spe ctr osc opic a n alysis at this stage, (8且) w a s s ubje ctedto the ring-
clo s u T ebetw e e nC2 1a nd Nb po sitio n. A ldehyde gr o upin (8且) w a s
r edu c ed with NaB H4in MeO Hto affordthe 丘iol(8 B)in 92% yield.
Hydr oge n olysis(H2,10 % P d/C, EtOH-AcO H)of(8即 ga v ethe amin e(83)
in 82 %yield, T he prim ary hydr o xy gr o up in (8 3) w a s s el ctiv ely
m esylatedto giv eul eD ring- clos u r e c o mpo u nd(朗)in 76% yield. T he
sもe r e o chemisLl･y atC20in(朗)w a s c o n cludedto be Rfor mbythe N O B
e xpe rim e nts. Thu s, the ir r adiatio n at 19
1H (81･8 3) sho w ed the 8 %
e nha n c em e nt of 5-H (8 3.0 3), a s w ellas もhe 5% e nha n c e m e nt of 19-班
w a s obse rv ed whe n5-H w a sir r adiated(Fig.3-7).
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Ⅰn o rderもo pr e v e nt epl m eriz atio n atC16 duringthetr a nsfornlatio n
●
鉦o mindolin etoindole
,
a pr ote cting gr o up of17-hydr o xyfhn cLion that
c oul d be r e m o v ed u nde r ami 1dc onditio n w a s n e c e s s a ry.13a)T hu sthe
T BS gro upin (8 4) w a s s ubstitutedby T MS gro up. T he T BS gr o upin
(8 4)w a s r e m o v ed byhe ating(84)in aq. H F-C H3C N(1:4)togiv ethe diol
(85)in 87 %yield･ T he nthe 17-hydroxy gr o up w a s s ele ctiv ely pr ote cted
bytreatm ent with T M S Cl in p yri din eto affo rd(86),in 95 %yield. T he
pr ote ctio n of
-
20-hydro xy gr o up in･(86)w a s als o n e c e s s a ryin o rde rもo
pr e v e nt ether-fo r m atio nbetw e e nthe hydroxy gr o up of C 20and C 3 in
thefわllo wingstep(seeFig. 3- 10). T B Sgr o up w a sfTo undtobe s uitablefo r
thispr opo s e･ On tre atm e nt of(8 6)with T BS OTf,Et3N in dry C耳2C12in
the pr e s e nも or 4-dim etbyla min op yridin e(D M A P),the disilyl de riv ativ e
(87)w a s obtain edin 96 %yield.
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T heindole(91)w a spr epa r ed fr o lntheindolin e(那)in thefollo wing
w ay･ On o xidatio n ofNa- m ethylindolin e(那)with P b(OAc)4(2.7 equiv)
in dry C H2C12 aも1o wte mpe r atu r e, theindole nin e(8 8)w a s obtain ed.
W itho ut pu rifTIC atio n, (88) was s ubjected to deproもe ctio n ofthe 17-
hydr o xy gr o up u nde r ami 1da cidic c o nditio n(AcOHrr H F/H20;2:1:1),to
giv ethe al dehyde(90). In o rderto pr e venも epim eriz ation atC16, the
r e sul ta nt unstable aldehyde(9O)w a sim m ediately r edu c ed by addito n
of NaC NBfI3 tO the r e a ctio n mixtu r eto giv ethe alc ohol(9 1)in 2 1%
ov eral yield fTro m (87). Thelo w yieldofthis thr e e･ step r e a ctio nis
probably du e七o the pr e s e n c e of七helo n epa i r el cもr o n s of Nb which is
●
s u s c eptibleもothe o xidatio n with Pb(O Ac)4. T heindole(9且)w a sもr e ated
with CIC O2C H2C C13in aqu e o u sV HFin the pre s e n c e ofala rge e x c e s s
of MgOtogiv ethe c arba m ate(9 2)in 7 1% yield* S e en extPage.
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u nde rthe s am e c o nditio n, the de sir ed pr odu ct(94)and the by pr odu ct
(95)w ere obtained in 払e s a m e a m o u nt(39 %e ach).
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Theindole(9即 w as stere o s el ctiv elyc o n v e rted into o xindole(96)im
73 %yieldbyもr eatm ent with OsO4in p yridin eJl
l
H F.38) rllhe pr oもe c血 g
gFO uP O mNb W a s r e m o ved with Znin AcOH tofurnish(那)in 82% yield.
T he C7c o nrlgu r aLio n of(97)w as confhl m edもobe S byc o mpa ris o n of 払e
C工)spe ctr u m of
'
(9冒) wiul 払at of hu m a ntellin e(岱8). Finaliy, the TBS
gr o up w a s T eln O V ed by he atingill aqu e o u sII F･C H3CN to giv eNa -
de m ethoxy - 望0(R)-hydT O Xydihydr ora nkiェ1idin e (98)in 51 %yield,
a c c o mpa nied with 25 %or七he sta rtiI噌 m ate rial(97).
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T hepatter n of
lH ･N M Rspe ctru m of(98)w a s n ot simila rtothatof
n atu r al 20-bydroxydillydr o r a nkinidin e, which lュad be e ndir ectly se nt
fTro m Pr of. Co rdell. T hu s, the C20c o nfigu r atio n ofthe n atu ral 20-
hydr o xydihydr o r a nldnidin e w a s c o n side r ed to be S fo rm ･ T his
c o n clusio n w a s c o nfir m ed by the single c rystal 冗- ray.an alysis ofthe
n atu r al 20-hydr o xydibydr o r a nkinidin e, wllich w a spublished late rby
co rdellgro up
42j)as show nin Fig3-12. T he r efore, a n e w synthetic r o ute
for the n atu r al20(S)-hydr o xydihydro r a nkinidine(1 7)w a s n e c e s s a ry･
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In the o xidatio n ofthe silyle n ol ether(80)with OsO4 thaもga v e
o nlythe(20 R)hydr o xyaldehyde(81)as show nin Fig. 3･7, the s ele ctivity
ofthis r e a ction w a stho ught to be co ntr olled bythe ste ric hindr a n c e of
the T B Sgr o up a ndtheC B Zgro upin(80). In orderto chang
･
e もhephas e-
s ele ctivity ofthe o xidation, tw ole s s ste rically c on str ain ed c o mpou nds
(9 9)and(且o塊) w er epr epar ed fro m (8 0), a ndthe o xidatio n of both
co mpo u nds w a spr o c e ed da s sho w nin Fig. 3- 13 a nd Fig
■
. 3-14.
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Fir st,the CB Zgr o upin(8 0)w a s r e m o v ed by hydr oge n olysis(H2,
10 % P d/C
,
EtO H)togiv e(9 9)in 4 1% yield. T he n,(9 9)w a s o xidized with
4 6
OsO塊もo a仔brdthe dioi(温むO)in 70 %yield.ヱn orde rto elu cidaもe 払e C20
c o n軸 u T aもio m, (且ow) w a st柑 n SL
'
o rin ed into the dia c etaもe (且ゆ且). T he
difre T e ntialNOR e xpe rim e nもbeもw e e n19･ H a nd 5-H in(且o又)s喝ge Sted
もhe unde siTed(20 R)c o nfiguratio n.
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Ne 又も aももe mpも w a sto synthe siz e(20 S)co mpo u nd fl
･
O m(且od). Fr o m
($0), a bT O min e ato m w a sintr odu c edbytre aもm e nも with N ヨsin T H Fもo
giv eもhe α-br o m o aldehyde (盈O B)a s a n epilTle ric mixtu r ein 78 %yield.
r
l
'
he aldehydein(且02)w a s r edu c ed with NaB H4in MeOH 七opr o videthe
α -br o mohydrin (且03)in 75 %yield. By tr e atm e nt of(且03) with Znin
MeO H,the olefin(且od)w as obtain ed in 80 %yield.(且od)w a s s ubje cもedもo
o xidatio n with OsO4tO giv e72% yieldofthe(20 R)diol(82), which had
theide ntic allH -N M Rspe ctr u mtothatof(8 望)obtainedpre vio u sly.
Allofthe effTo rtstointr odu c e ahydr o xy gro upin S m a n n e r鉦o mthe
imdolin e s(8 0),(99), a nd(且04)w e r efailed. T hu s, a n e w synthetic T O ute
Fo r20-hydr o xydihydr o r a nkinidin e(且7)was pla n n ed a s sho w nin Fig･ 3
-
4 7
15. T he key point w a s七o cle a v e abo nd betw e e nC 17 a nd C 7 1e ading七o
もil eindole c olnPO u nd (且且B). T he cha nge in the str u ctu r e ofもhe 6
-
m e mbered ringthaも consists of C 3, Nb, C 5, C16, C 15, a nd C 14･fr o m
bo aもfTo r min theindolin e s(80),(99), a nd(且o d)to chair for m in the
indole(且且盟鮎)w a se xpe ctedto c a u s e a cha ngeim thepha s e
- s electivity of
the OsO4 0Ⅹidation . Othe r stepsin the syntheticpla n w o ul d follo wthe
pr e s u m ed bio synthetic lin e s･ Thu s, fr o m s a rpagin e
-ty pe indole
inter m ediate (112), (17) w o uldbe ge n e r ated via C/Dring cle aved
c on
･
1PO u nd, o Xindole, a ndthen Na
- m etho xyo xindole, r e spe ctively･
Fig. 3･1 5 Synlhelicpla n o1 2 O･Hydro xydihydror a nk仙din e(17)
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Ⅰnita11y, the aldehyde gr o up in (79) w a spr otected a sthe 且,3
dioxan e (且05)in qu a ntitativ eyield. (且05) w a str a n sfTor m edinto もhe
indole(且09)bythefo一lo wing m a n n e r. 1)PT O七e ctio n ofthehydr o xy gr o up
a stheもrim ethylsilyletheT(106). 2)0Ⅹidatio n ofthe Na - m e地.ylindolin e
m oiety wit,hPb(OAc)4.le adingtotheindolenine(且07).3)Depro七e ction of
thehydro xy gro up under a mi 1d acidic conditio n(AcOH 旧20 rFH F,3:1:1)
a nd im m ediate r edu ctio n ofthe aldehyde(且0 8) with NaCNB H3. T he
yield in e a ch step w a s9 7 %,7 6 %, a nd 82 %, T e SPe Ctiv ely.
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T he hydro xy gro upin(log)w a sprote cted a sthebe n z oyle s七e T(且且⑬)
(ph C O C且, p yridin e･ C H2C12, 91 %yield)before r e m o v a且ofthe aldehyde
-
pr o七e cting gr o up(80% aq. AcO H, r eflu x, 96 %yield)in o rde T七o pr e v e nt
hemia c etalfbr m a七ion betw e e nthe C17-OH a ndC21- aldehydefu nctio n s･
T heindole amin ein (且且且).w a sto sylated u
nde r aba sic c o ndition [TsCl,
be n z e n e-5 0% KOH , n - Bu4N H S O4 (c at.)]with s o m e epim eriza七io n
o c u r ed at C20 to giv ethe epim eri? mixtu r e(且且9)in 81% yield･ T he
al dehydefu n ctio nin (且且9)w a s co n v e rtedtothe silyle n olether(且且3)in
82 %yielda nd the n ahydr oxy gr o up w a sintr odu c ed into the C20
po sitio nbytr e atm e nt with OsO4in p yridin e-T H Yatlo wte mpe r ature
*
･
Sepa r atio nby m ediu m pressu r eliquidchr o m atogr aphy ga v e七w o a
-
hydr o xyaldehyde c o mpou nds (且且4) (mp 108-1 10
oC), (且且5) a nd the
starting m aterial(1 且3)in 4､5, 22 a nd 7 %yield, r e spectiv ely･ Sin c ethe
c o n軸u r atio n ofthe epim ericC20po sitio nin(且且4)a nd(且且6)c o uldn oもbe
dete T mined 鉦o m the spe ctr o s c opic a n alysis a七 this stage, both
co mpo unds w ere s ubje ctedtothe ring- clo s u r ebetw e e nthe C21a nd Nb
po sition to affordco mpo u nds ha vinga m o r efix edstr u ctu r e.
* W he n,the Na -te rt
-buto xyc a 1
･bo nyl a n alogu e w a str e ated with OsO4
u nde rthe s a m e c o nditio n
,
o xindole w a s obtain ed a sthe main pr odu ct.
T he e xiste n c e ofthetolu e n e s ulfo nylgr oup atNa en abledtheindole ring
to r e sit the eletropbilic addito n of OsO4.
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The aldehyde gr o upin もhe m ajo r c o n
p
IPO u nd(且且4)w as r edu c ed with
Naエ3比4もo giv ethe diol(m G)in 83 %yield.
r
i
l
hepl
･in l a ryhydr o xy gl
l
O uPin
(且且6) w a s s ele ctiv ely m e syiaLed(MsCl, p yri din e)to giv e(1 且冒)in lOO %
yield. Hydr oge n olysis (fI2, 1 0 % Pd/C, E もO H-AcOH)ofthe c a rba m ate
(且且7)pr o videdthe ring-clos u r e c o mpo u nd(1 18)in 73 %yield･ T he min o T
pr odu ct(且且5)w a s als otr a n sfo r m ed into(且宝且)bythe s a m epr o c edu r ein
74% yield(Fig. 3-18).
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On r e m o v aloftheprote cting groups under a strongba sic c o nditio n
(EOH,■MeOH, r enu x),(1 18)and(121)w ere c on v ertedtothe s a rpagin e-
type inte r m ediate s(1 2 2) (mp 220- 22 2
oC),(1 23) (mp 162.5- 163.5
oC)in
96 %a ndloo 鞄yield, r e spe ctiv ely. The stere o cbe mistry at C20 po sitio n
of(1 2 2) a nd(123) w a s u n a mbigu o u sly deter min ed by the N O R
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e xpe rim e nts. 王rr adiatio n ofthe 2 O-0王i(84.15,in1) MSO-D6)in(且盟望)led
to enha n c e m e nt(2.3 %)of 16-H (8 2.5 7), while 7 %e nha n c e m e nも w a s
obs er v edbetw een the 19-H2(8 1.80)a nd16- H (82.46)in(1望3)(Fig. 3-
19). T hisindic ate sthaもthe m ain pr odu ctfl
l
O mthis synthetic r o ute(1望2)
hasthe s a m eS- c o nfigu ratio n atC20a sinthe n atu r alpr oduct(17).
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Tre atm e nt of(12 B) with CIC O2CH2CC13 a nd MgOin aq. T HY
pr o vided C/Dril呼 Cle a v ed c on lPO und(1望4)in 63 %yield･ T he indole
m oietyin (12 4) w a s o xidiz ed with OsO4in
rllH F-pyridin eto giv ethe
de sired(7S)o xindole(1 2 5)in 69% yield acc ompa nied with 18% ofthe
starting n l aもe rial(1 24). (1 25)sll O W edtlle CllaraCteristic U Vabs o rptio n
pe aks at209, 252 nln du etothe oxindole chr o m opho r e･ To c o nfir mthe
stru ctu re of(125), the trichloro etho xyc arbonyl gr o up in (1 25) w a s
r e m o v edto giv eⅣa - de m etll O Xy
-20-llydroxydihydro r a nkinidin e(1 26)in
79% yield. T he C7 c o nfiguration wa sc o nfir m ed by a c o mparis o n ofthe
5 3
C Dspe ctr u m of(且望6)withthat of20-hydr o xydihydTO r a nkinidin e(且恥
As sho w nin Table3-2,the 13c･N M Rspe ctr u mof(且盟6)is als o si mi 1a Tもo
thatof
-
(且冒).
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T he o xindole (且望5)w a s c onv e rted into Na - m etho xyo xindole by a
m ethodre c entlyin v e stigated in o urlabo r ato ry.4 4)Reductio n ofo xindole
(且望5)with bo r a n e- dim ethyls ulfide c o mple x(15 equiv)in T H F4 5)ga v e
the indolin e(1望7) (mp 231-234 oC)in 76 %yield. (1望7) sho w ed the
cha r a cteristic UV abs o rptio n pe aks at 205, 2 43, 295n m du eto the
indolin e chr o mapho r e･ 0Ⅹidation of(且望7)with u r e ahydr oge npe ro xide
addit o nlc o mpo und(26 equiv)a nds odiu m tu ngstate(0･3 equiv)in aq.
M eO Hatr o o mte mpe r atu re pro vi ded hydro x a mic a cid(1望8),4 6) which
w a s0- m ethylated withdiazo m etha n eto giv ethe Na - m etho xyo xindole
(且望9)in 55 %o ve r allyield fro mthe indolin e(1那). In the lH _ N M R
spe ctr u m, (12 9)e xhibited a sign al at8 3･99, 3･9 8 du eto Na - m etho xy
gr o up･ Fin ally, r e mo v alof Nbprote cting gro upin(1 望9)with zin cdu stin
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ac etic a cid Fu r 氾i軸ed 20-hydro xydihydT O r a nkinidin e(且冒)in 79 %yie且乱
SynLheもic(且7)47)(mp 168-169 oC)sl･10 W edspe ctralpr ope rtie s(1臥 N M風
且3c-NM R,王札 U V, MS, C l〕, a nd111. mP)ide ntic al withもho s e ofn aLu T a且
pr odu cも(mp 16 6- 167
oC).4 2j) sin c eもhe abs olute c o nfigu ration oF
ajm alin e (且望) ha s alr e ady be e n e stablished,3 1)thaも oF(且甘) w a s
che mic ally deもer王nin ed.
r
l
l
hisis もhefhlSt Synthe sis oi
l
natu r ally o ccu rmg
●
N a- m etho xyo xindole alkaloid.
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Tab 始3-1
1
H･N M RChemicalShifts and As sign me nts
No.
Natural(17) Synthetic(17)
(500M Hz) (5 ∞M トlヱ)
3
5
6α
6β
9
10
ll
12
1 4α
14β
15
1 6
1 7a
17b
18
19α
1 9β
21α
21β
Na
- O Me
3.62(d,+=7.8)
3.61(m)
1.95(dd,J=1 6.1, 9.5)
2.46(dd,J=16.i, 6.6)
7.39(d,J=7.6)
7
,12(td,J=7.6,1.0)
7.31(tdJ =7.8,1.0)
7.00(d d, J=7.8,0.5)
2.25(dd, J=14.9,8.3)
2.1 4(ddd,J=1 4.9,ll.0,8.3)
1.98(m)
2.56(m)
4.21(d,J=11.0)
4
.00(dd.J=11.0, 5･6)
0.98(t,+ニ 7･5)
i.51(dq,J=1 4.4, 7･5)
i.61(dq,J=1 4.4, 7.5)
2.5 3(d d,J=1 3.7,1.4)
3.48(d,J=1 3.7)
4.00(s)
3.62(d,J=8.1)
3.5 9(m)
1.94(dd,J=1 6.1,9.5)
2.46(dd,J=1 6.1, 6.6)
7.3 9(d,J=7.6)
7.12(td,J=7.6,l.0)
7.31(td,J=7.8,1.0)
7.00(dd,J=7.8,0.5)
2.25(dd,J=1 4.9,8.3)
2.14(ddd,J=1 5.1,1 0.9,8.3)
l.98(m)
2.55(m)
4.21(d,J=11.0)
4.00(dd,J=1 1.0, 5.6)
0.98(i,+=7.5)
1.51(dq, J=14.4,7･5)
l,61(dq, J=1 4 A,7.5)
2.51(br. d,J=14.8)
3A6(d, J=13.7)
4.00(s)
Solvent C DC)3.
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1 4
0
1 6
ク
′
ミゝ
.
B
7
N
i
R
0
こ:､㌔H
l O
川
R= OMe:2 0･Hydroxydihydrorankinidine(17)
R= H: Na-dem ethoxy
･201hydroxydihydrorankinidin e(1 2 6)
Table3-2
13
c-N M R C he mic a一S hifts a nd Assignme nts
No .
Naturd(1 7)
42j) synthetic(17) (1 2 6)
75.6 Mlセ 125 M セ 1 25 M Hz
2
3
5
6
7
8
9
10
ll
12
13
1 4
1 5
1 6
17
1 8
1 9
20
21
Na
- OMe
174.81 17 4.67 181.06
72.55 72.5 2 72.42
54.69 54.56 54.63
31.41 31.12 31.19
55.48 5 5.40 57.11
13 0. 6 1 2 9, 9 1 33.72
12 5.71 1 2 5.7 0 1 2 5.8 3
12 3.22 12 3.2 9 1 22.61
12 8.12 12 8.21 1 28.02
107.34 1 07.37 109.60
13 8,77 13 8,69 1 39.31
24.22 2 4.03 23.88
35.31 34.94 3 5.17
33.97 33.46 3 3.70
67.39 67
,
20 67.27
6.40 6.39 6.39
28.79 28.72 28.78
71.83 71.81 71.85
45.63 45.29 45.41
63.40 63.4 5
Solve ntCD C暮3
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Co 皿 C且u s且o 皿
The re s ults obtain ed fT1･O m the synthetic study c a nbe s u m meriz ed
a sfわllo w s:
出退 出 鑑 上 Ajm alin e(且望) w a s che mic allytr a n sfor medinto v omi 1e nin e
(且3)andthe ge o m etry ofthe ethylide n e side chain in vo mile nin e(且3)
w a spr o v ed to be (19 E)fo r mby the spectro sc opic a n alysis ofもhe
inte r m ediate. (19 Z)- v o mile nin e(24) w a s als o synthe siz ed a nd the
the r m odyn a mic stabilitiy ofv omilenin e(13)a nd(19 Z)- v o mile nin e(望4)
w a sdis c tl S S ed ba s edon theirtr a n sfo r m atio nintope 1
･
akin e(且4).
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地 Tw o m a crolin e- related indole alkaloids :talc a rpin e(15)a nd
alsto n e rin e(且6) w e r e s e misynthe siz ed fr o m ajm alin e(1望)Via the
c o m m o ni te r m ediate(55). T he c o nfigu r atio n atC 1 9 in talc a rpin e(1 5)
60
and七alpinin e(5 9)w a s elu cidatedto be(S)fo r mby N O E data a ndthe
che mic alc o r r elatio n.
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地 ヨo-HydT O XydihydT O r a nkinidin e(17), a ne w a ndbioge netically
intere sting Gels e miu m alkaloidw as synthe sizedfr o m ajm alin e(且9)in
22steps. T he key steps w e r ethe cle a v age betw ee nC 7a nd C17bo nds
le ading to sa rpagin e-type inte r m ediate befo r etheintr odu ctio n of a
hydroxy gr oup at C 20 a ndthe nov el o xidativ etr a n sfTo r m a七io n of the
oxindoleintothe Na- m ethoxyo xindolede rivative.
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2 0- Hydro xydihydrora nkinidin e(17)
In conclusio n, ajm alin e(12)c o uld be u s eda sthe sta rting m aterial
in the synthe sis ofthe variou ssal
･
Pagl n e- de riv ed alk aloids. Ajm alin e
61
(且軌 bec a u s eof its a vailability a nd fa cile tra n sfo r m ation , r e m ain sthe
c o mpo und ofchoic e a s ac o n v e nie nt m aterial fo r s e
m lSynthe七ic w o rk･
Fu rthe r m o r e
,
the effic e nt bio mim etic synthe sis of m a c T Olin e
-ty pe
alkaloids a nd Gels emiu m alkaloids sho w ed the adv a ntage of
-
the
biomim etic s emisynthe sis c o mparing もo the u s u al七otal synthe sisin
r equln ngfe w er steps a ndpr o vidingthe pr odu cts of high optic alpu rity･
● ●
T hu s, the bio mim etic s e misynthesis sho uld be an appr opriate w ayfbT
tr a n sfor m atio n ofc o mpo u nds that a r e abu nda ntin n atu r ein七o min o r
n atu r alpr odu cts o rtheirderiv ativ e s, which ha v ebetterpha r m a c e utic al
activit es a nd lo w e r Side effe cts, e spe ciallyin the c as esthat the sta rting
n atu r al m ateri als c o uldbe obtain ed inla rge a m o unts and inlo w pric e s･
6 2
濫Ⅹpe 耶は粗e m忠ai
g
T he m elting points w e r ede七e Tr nin ed o n aYa m aもo M P一 望且
ap pa r atu s (c apilla ry) a nd Ya n agim oto M ic r o Melting Point
Ap pa T aもu s1631A(ho七plate). Allm elting points are u n c orr ected. T he
in sもT u m e n七s u s ed in this study w e re a sfollow s; U Vspe ctra, H itachi
U 3400spe ctT OPhoto m e七e r;IR specもTa, Hitachi260spe ctr ophoto m e七e T;
M S, H iもa chiRM U-6 Ea nd R M U-7M , J M S-A M20(L R-E I)a nd J E O L
J MS-H X llO Aspe cもT O m ete r S;1H - a nd13c-N M Rspe ctra, J E O L J N M
GX 270, J E O LG SX 400, JE O L G S X5 00, a nd J EOL G SX- A500
instru m e nts with もetr a m ethylsila n e a s a ninte r n al sta ndard,
che mic alshi鮎 a T e r e c o rdedin 8 v alu e s; optic alTOta七ion, J ASCOⅠ)IP-
且40 polaTim ete r;C Dspe ctr a w e r e m e a s u r ed withJA S C O J
･5 00 A in
MeOH . T hin laye r chT O m atOgr aPhy w a s pe rfo r m ed o n M e r ck
pre co ated Silic agel 60 F25 4Plate sI Colu m n chr o m atogT aPhy w a s
c a r ried out on Me r ck Silic a gel 60(230- 400 m e sh fo r fla sh
chT O m a七ogr aphy)a ndpr e-pa ckedc olll m n[Ku sa n oCP S-H S-221-05(fo r
m ediu m pre s su r e c olu. m n chr o m atogr aphy)]･ Abbr eviatio n s u s ed a r e :
singlet(s), do ublet(a),triplet(i), qu a rtet(q), m ultiplet(m), br o ad(br)･
6 3
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●
PT epa r a岱om of払e恥y血 a z o m e(望6)&o m 軸m ah e(且望)
Co n c e ntrated H2S O4(1 ml), N,N - dim ethylhydr a2:in e(6.8 ml,
0
8 9.5 m m ol)and m olecula r sie v e s(3 A, 12 g) w e r e ad ded to a stir r ed
suspension ofajm alin e(且望) (6.0 g,- 18.3 8m m ol)in dry etha n ol(100ml),
a ndthe mixtu r e w a she ated u nde r r eflu x for 2.5 h. After e v apo ration
ofthe etha n ol, the r e a ctio n mixtu r e w a spo ur ed into c old lO %aqu e o u s
Na2C O3 S Olutio n a nd the whole w a s e xtr a cted with CH C13. T he
organic extr act w a sdried ov e rMgS O4 a nd e v apo r atedto gl V e7.5ど of
●
r e sidu e(25). The re s ulting crude hydrazon e w as dis solved in CH2C12
(240 ml)andlN ･ NaO Hs olution(60 ml). T hen CICO2C H2C C13(3.7 ml,
2 6.8 8m m ol)w a s ad dedto the vigo r o u sly stir r ed s olutio ndu ring2 min
at 0 oC a ndthe mixtu r e w a s stir r ed atr o o mte mpe r atu r efo r40min .
T he r e a ctio n mixtur e w a sdiluted wi thw ate r(100ml)a ndth占organic
laye r w a s s epa r ated. T he aqu e o u slaye r w a s e xtr a cted wi thCH2C12.
T he c o mbin ed o rga nic laye r w a s w a shed with w ater, dried o v er
MgS O4 a nd e v apo r ated. T he re sidu e w a spu rified by fla sh c olu m n
chr o m atogr aphy(AcO Et-he x a n e, 2:1)to give the c a rba m ate(26) (7.00
g,7 0 %)a s a n a m o rpho u spo wde r. I Rv m a xC H C13c m-1:3350,2 950, 1750,
1300. tJV九m a xEtO Hn m :24 7,293. 1H - N MR(270 M Hz, C I)C13)8:6.4 5,
6.4 0(1H, e a ch d, J= 7.0 Hz, N =C H), 4.82, 4.7 9(1H, e a ch d, J= 11.9 H2:,
C払HbC C13), 4.7 3, 4.6 9(1E, e a ch d, J= 1 1.9 Hz, C Ha丑bC Cl3), 4.48, 4.40
6 4
(1H, e a ch dd, J=7.3,4.0 Hz,5- H),4.0 8, 4.07(1H , e a chs, 17-H), 2.76, 2.75
[9 H, e a ch s, N a - CH3, N(C H3)2〕, 0.8 6, 0.84(3H , e a ch七, J=7.3 Hz, 且8-
CH3)｡ MS m/z(%):54 4(M＋＋2, 24),542(M＋, 25), 14(100), 113(76).
PxQeP蕊貯a 鮎 m of 他℡ aldehyde(27)
CuC12(139mg, 0.103m m ol)w a s addedto a s olutio n of(望6)(187
mg, 0.0 34m m ol)in V H F(4.6 ml), pho sphatebuffTe r(pH 7, 0.2 4ml)a nd
w a七e T(乱2 ml). T he miⅩ七u r e was stir red a七 ro o m七e mpe r a七u r efTor3 6 h
a nd 払e ndiluted wi 払 w ate r(10 ml)a nd c o n c e ntr ated a m m o nia(5 血l).
T he whole w a s e x七1･ a Cted with CHC13 a nd the o rga niclaye r w a s
w a shed with w ate r, a nd dried o v e rMgS O4. Ev apo r atio n ofthe s olv e nt
ga v e a r e sidu e(21 4 m g), which w a s s epa r ated by fla sh c olu m n
chr o m atogr aphy(AcO Et-he x a n e, 2:1)to affo rdthe al dehyde(望7) (149
mg, 86 %)as a n a m o T･Pho u spo wde r. I Rv m a xC H C13c m
･1: 3 300, 2950,
1710, 1430, 1 120. U V 九m a xE
tO H
n m :24 7, 291. 1H - NMR (270M Hz,
CDC13)8:9.6 4(1H, a, J=3.7 Hz, C H O), 4.9 0, 4.7 6(1 H, e ach a, J=1 1.9
Hz
,)a nd4.8 3, 4.65(1 H, e a ch d,J=12.2 H2:)CH2CC13,4.6 8(1 H, a,J=8.6
Hz
,
3-H),4.48-4.40(1 H, m ,5- H), 4.13(1H, s, 17-班), 2.77,2.7 6(3H , e ach
s, Na -C H3), 0.86(3 H, t, J=7.3 Hz,18-C H3). M S孤/z(%):502(M＋＋2, 17),
500(M＋, 18),144(100).
軌 ℃pa ra 鮎 n of 也e且7･0-a c eぬte(28)
A s olutio n of(27) (618 mg, 1.23 m mol)in dry p yri din e(10 ml)
and acetic a nhydride (4 ml) w a s stir red at ro o m te mpe r atu r e
o v e rnight. A fter e v apo r atio n ofthe s olv e nts, 5% aqu e ou s Na2CO3
s olntion w a s ad dedto the r e sidu e a ndthe whole w a s e xtr a cted with
6 5
CHC13. T he o rga nic e xtr a ct w a s w a shed with w ate r, dried o v e rMgS O4
and e vapo r ated. T he r e sidu e w a spu rified with fla sh c olu m n
chr o m a七ogr aphy(AcO E七-he x a n e, 2:1)to givethe a c etate(盟8) (623 mg,
93 %)a s a n a m o rpho u.s po wder. I Rv m a xC H C13 c m
- 1: 2960
,
1710, 1430,
1240, 1 120. tJ V 九m axE
tOH n m :247
,
293. 1H - N M R(270 M Hz, C I〕C13)8:
9.51, 9.49(1H, e a ch a,J=3.4 Hz, C H O), 4.8 9(1H, s, 17-班), 4.85,4,7 0(1Ⅰも
eachd, J=1 1.9 Hz)and 4.8 0(1 H, s)C H2C C13, 4.7 2(1H, d, J=8.6 Hz, 3-
H),4.46-4.39(1Ⅰも m , 5- H),2.774, 2.7 68(3 H, e a ch s, Na-C H3),2.望1, 乱19
(3 H, e a ch s, O C O C H3), 0.8 7(3 H,t, J=7.4 Hz, 18-仁HS). MS m/z(%):5 舶
(M十十2, 20),54 2(M＋,20), 144(100).
乱e ad ね奴a a c eせ汲ぬ o xi ぬ也o n of 蝕eindo h e(望8)
P b(OAc)4 W a s addedto a stir r ed s olutio n of(望8) (915m g, 1.6 8
m m ol)in dry CH2C12(20 ml)at -70
oC in thefollo wing m a n e r:0 min,
746 mg(1.68m m ol);60mュn,840 mg(1.8 9m m ol);135min ,6 50 mg(1.47
m mol). During this period, stir ring w a s c ontin ued at the s a m e
te mperatu re, and after the fin al additio n of P b(O Ac)4 the r e a ctio n
te mpe r atu r e w a sgr adu ally r ais ed to 0
oC o v e r1 h. T he r e a ctio n
mixtu re wa sdiluted with C H2C12 and w a shed s tlC C e S Siv ely wi th 5 %
aqu e o u sNa2C O3 S Olutio n a nd w ate r. T he orga niclayer w a sdried o v e r
MgS O4 a nd e v apo r atedto giv e a r e si du e, which w a spurified byfla sh
c olu. m n cbr o m atogr apby(AcO Et-he x a n e, 1:2)to yield the indole nin e
(望9) (788mg,8 8%)a s a n a m o rpho us po wder. I Rv m axC H C13c m
- 1:2 950,
1720
,
14 20,1220, 1 120. UV 九m axM eO Hn m :2 10, 220, 249. 1H - N M R(270
M ‡‡z
,
C D C13)8:9.54 4, 9.54 0(1H , eacha,J= 4.4 Hz, C H O),5.46, 5.43(1 H,
6 6
e a ch a
,
J=7.1 Hz,S～ M), 5.01, 4.84(1H, e a ch a, J=12.0‡‡z, CaaHbC C且3),
凌.76, 唾.57(1 H, e a ch 也, J= 1乱O Hz, C Ha艶C C13), 2.15, 乱14(3 H, e a ch 良,
CO C HB), 0.8 8, 0.8 6(3‡, e ach も, J=7.2 Hz, 18-仁HS). MS m/z(%): 499
(M＋＋2-C H O,l l),497(M＋-C H O,12),167(100).
駅陀 Pa m 鮎 弧 0常温･組es m¢払yR･望一 曲払y血 o･且7
一級¢e柳軸m 血 ¢(盟3)
Zin cdu st(99mg) w a s ad dedto a s olutio n of(望9) (49 mg, 0･093
m m oり in ac etic a ci d(1 ml), a nd the mixtu r e W a s Stir r ed aも roo m
もe mpeTatuTe Eor 30 min ･ T he r e a ctio n miⅩ七ure w as filte r ed a nd もhe
filもT ate W a s C O n C e n七r aもed in u a c u o a ndthen basifiedbythe additio n of
chilled 5% aqu e o u sNaH C O3 S Olution ･ T he whole w a s e 又もr a c七ed with
cH Cl3. T he o rga nic e x七racも w a s w a shed with w ate r, a nd dried o v e r
MgS O4｡ Re m o v alofthe s olv enもgav e a r e sidu e, which w a s s ubje ctedto
m ediu m-pr e s s u r eliquid c olu m n chr o m atogr aphy(M P L C)(5% MeO 臥
cHC18)七o affo rd 17mg(52%)of(望3)a s c ol rle s spris m s, m p238-2 42
oC
(lit,14)240-2 42
oC).I Rv m a xK Br cm
-1:3300-3 000, 2960, 1740, 1240- tJV
九m a xMeO Hn m :219, 257,
1H - N M R(500 M Ⅰ‡z, C D C13)8:5･3 7(1H,bT S,
oH),5.0 0(1 H, S,1 7-H), 4.3 3(1H, d-like,J= - ll Hz,3- H),4･31(1E, ら,21
-
H),3.33(1 H,忠,J=5.7 Hz, 5- H), 2.7 8(1 H, dd, J=1 2･0,5･O Hz,6
- Hβ), 2･42
(1H , 孤 , 15-H), 2.2 6(1 H, i, J=6.0 Hz, 1 6-H), 2.17(3 H, s, C O C H3), 1･8 9
(1H, d d, J=14.0, 10. 1 Hz, 14 月α), 1.74(1H, d d, J=14･0, 5･O Hz, 14
-Hβ),
1.64(1H ,a,J= 12.0 Hz,6胡 α), 1.5 0-1.40(2H, m , 19 月2),0･9 8(3 H,t,J=616
Hz
,
18-仁HS). 1 3C- N M R(Table 1- 1). M Sm/z(%):352(M
'
,
100),324(24),
323(26), 169(95). Ex a ctMSCalcd fo rC2 1H24N203:352･1788･ Fo und:
352.1787.
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恥 epa 脂 鮎 n o君蝕e α
-phe nyls e且e nyialdehy鮎 (30)
Et3N a nd T B SOTfw e r e ad dedto a stir r ed s olution of(望9) (318
mg, o.6 0m m ol)i血 dry CH2C12(5 ml)at0
oC a sfわllo w s :0 min , E t3N
(125ml,0.90m m ol)a ndT B S O Tf(200ml,0･87 m m ol);45min , Et3N(125
ml,0.9 0m m ol)a nd T B S OTf(200ml,0･8 7m m ol)
I
,
18 0 min , T BS OTf(150
ml
,
0
.
6 5m m ol). Stirring w a s c o nti u ed at the s a m ete mpe r atu r efo r4
h. To this r e a ction mixtu r e c ontaining silyl e n ol ether; a s olutio n of
phSeCl(1 16 mg, 0.6 0m m ol)in dry CH2C12(2 ml)w a s ad ded at
- 20 oC･
A 氏e r2也, a solutio n or P h SeCl(89mg, 0.46 m m ol)in dry C H2Cl2(0･6
ml) w a s added at - 20
oC a ndthe nthe mixtu r e w a s stir r ed at r o o m
te mpe r atu r efo r3 0 min ･ T he rea ctio n mixtu r e w a sdiluted with
cH2C12 a nd w a shed with 5 %aqu e o u sNa2C O3 S Olutio n･ T he aqu e o u s
layer w as e xtr a cted with CH2Cl2 a ndthe c o mbin ed organiclaye r w a s
w a shed with w ate r and dried o v e rMgS O4. Ev aporatio n of the s olv ent
gav e a r e si du e, which w a spu rified byfla sh c olu mn chr o m atogr aphy
(AcO Et-he x a n e, 2:1)andthe nby M P L C(1% MeO H-CHC18)to giv e oily
(30) (2 20 mg, 5 3 %) a s adia ster e o m e ric mixtu r e a nd the starting
m ate rial(2 9) (31 mg, 10 %). I Rv m a xC H C13c m
-1:2970
,
1720, 1420, 13 20,
12 20. 1H - N M R(400 M Hz, C I)C13)8: 7.7 0-7.20(9 H, m , a r m- H). M S
孤/z(%):655(M＋＋2- C O, 4),6 53(M＋-C O,4),345(58),3 43(59), 169(70),1 68
(10), 167(96).
馳 ℃pa 陀仏o n of 払e cx･br o m o aldehyde(31)
Et3N a nd T B S O Tfw e r e ad dedto a stir redsolutio n of(29)(92mg,
o
.
174 m m ol)in dry C H2C12(1.5 ml)at 0
oC a sfわllo w s:0 汎in, Et3N (37
6 8
ml
,
0.2 7m mol)a nd T BS OTf(58 ml, 0.25 m m ol);75min , Et3N(37ml,
0.27 m m ol)a nd T BSO Tf(58ml, 0.25 m mol);180 min, T BS OTf(29 ml,
0.13 m mol). A fter the fin al ad dition ofthe re agent, the mixtu r e w a s
stirred aも r o o mte mpe r atu re for 5 h. To 七his re a ction mixtu re
c ontaining silyl en olethe r, a solutio n of N BS(36 mg, 0.202m m ol)in
dry CH2C12(1.5 ml)w as ad ded at0
oC
,
a nd the whole w a s stir r ed a七
the s a m ete mpe r atu r efわr 10 min . T he r e a ctio n miⅩtur e w a sdiluted
with CH2C12 a nd w a shed with 5 %aqu e o u sNaH C O8 S Olutio n. T he
aqu e o u slaye r w a s e xtr a cted with C H2C12 a ndthe c o mbin ed o rga nic
laye r w a s w a shed with b rin e, dried o v e rMgS O4 and evaporated･ T he
r e sidu e w a spu rified by M P L C(AcO Et-he x a n e, 1:2)to affTord 75mg
(71 %) of oily(31) as a dia ste r e o m eric miⅩtur e. I Rv m axC H C18c m
･ 1:
2950
,
1720
,
1700
,
1220. 1H -N M R(500 M Hz,CD C13)8:9.47,9.45,9.42(1 H,
ea ch s, CH O), 2.19, 2. 18, 2. 17, 2.16(3 H, e a ch s, C OCH3). M Sm/z(%):
525(M＋＋2-H Br, 15), 5 23(M＋- H BT, 17),345(63),343(65), 169(77),1 68
(90),167(100),156(63).
Dehy血心bm 血 鮎 n of(31)withLi2C O3
A mixtu r e of(31) (134 mg, 0.22 m mol) and Li2C O3(50mg, 0.68
m m ol)in dl･y D M F(4 ml)w a s stir r edat80
oCfo r4･5,h under an a rgo n
a七m o叩bere. T hen 5 % aqu e o u sNaH C O3 S Olutio n w a s added to the
r e a ctio n mixtu r e a nd the whole w a s e xtr a cted with CHC13. T he
o rga nic e xtra ct w a s w a shed with brin e, dried ov e rMgSO4 a nd
e v apo r ated. D M Fw a sre m o v ed in a Kugelr ohr ap paratus and the
r e sidu e w a spurified by M P L C(AcO Et-he x a n e, 1:2)to give oily(32) (30
6 9
mg, 2 6 %), oily(3 5) (25 mg, 2 1%), a m o r ePOI盈Ttetr aSubsti七uted ole員m
(8 3) (a mg, 7 %), a nd ale s spola r七e七r a s ubstituted olefin (詔4) (13mg,
且1 %). (3望);ⅠR v m a xC H C13 c m
- 1:3 000
,
1 710, 1430, 1220, 1130, 1040. U V
九m a xEt OH n m :2 20.2. 1H - N M R(500 M Hz, C D C13)8:9.3 9,9.3 7(1 H, ea ch
ら
,
C H O),6.62(1H, q,J=7.2 Hz, 19-H),5.52, 5.49(1H, e a ch a, J=8.5 Hz,3-
H), 5.0 6, 4.98(1H, e ach m , 5- H), 4.8 5, 4.81(1H, e a ch a, J=1 1.8 Hz,
C亀HbC CIB), 4･76, 4･6 3(1H, e a ch ･d,J= 1 118 Hz, C Ha旦bC C13), 4･60, 4･5 9
(1 H, e ach ら, 17-H), 2.17, 2.16(3 H, e a ch ら, C O C H3), 2.0 5(3 H, a, J=6.9
Hz
,
18-CH3)I M Sm/z(%):526(叩＋＋2,25),52 4(M＋,2 4),498(13),496(13),
345(54), 343(53), 169(69), 168(76), 167(100).(35);IRv m a xC H C13c m
･ 1:
2 940,1715, 1680, 1430, 1 2 0, 1 130, 1040. U V 九m a xEtO Hn m :220.5. 1H -
N M R(400 M Hz, C D C13)8:10.2 1, 10. 16(1 H, e a ch s, C HO), 6.7 9(1H, qt,
J=7.5, 1.3 Hz, 19-H), 5 A 6, 5.44(1 H, e a ch d, J=8.5 Hz, 3- H), 4.9 6, 4.7 3
(1H, e a ch d, J= 11.9 Hz, C払HbC Cl3), 4･9 1,4暮8 0(1 H, e a ch m ,5- H), 4.80
(1H, s, 17-H), 4.7 0,4.5 3(1H, e a ch d,J= 1 1.9 Hz, C H過)C C13), 2.17, 2.1 6
(3H, e a ch s, C O C KS), 2.16, 2. 14(3 H, e a ch dd.. J=7.5, 1.6 Hz, 18-CH8).
MS m/z(%):526(M＋＋2, 24),5 24(M', 23),4 98(13),496(13),1 68(82),167
(100).(33);IR v m a xC H C13 c m
-1:2950
,
1710
,
1420
,
1 2 20. 1H -N M R(500
M Hz, Ci)c13)8: 10.04(1H , s, C H O), 2.2 1, 2.2 0(3 H, e a ch s, C O C H3),
0.9 6, 0.94(3 H, e a cht, J=7.7 Hz, 18-C H3). M Sm/z(%):526(M＋＋2, l l),
52 4(M＋,l l), 169(1 0), 168(100).(34);IRv m a xC王‡C13c m
- 1:2 950,1710,
1 420,1220,1120 .
1H -N M R(500 M Hz, CD C13)8:10.0 4,10.0 3(1H, e a ch 良,
C H O), 2.1 8,2.17(3 H, e a ch ら, C O C H3). 0.9 3(3 H, t, J=7.7 Hz, 18-C H3).
M Sr n/z(%):526(M＋＋2, 22), 524(M＋,22), 169(95), 168(100)
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馳 簡P 甜 訊鮎 弧 0君Ⅴ⑳ m且且e 血 e(且3)
Zin cdu st(450mg)w a s ad ded七o a s olutio n of(3盟)(12 4mg, 0.2 4
m m ol)in a c etic a cid (4 ml), and the mixtu r e w a s stir red a七 TO Om
もe mpeTaもu T efわr 3 h, the nfTlもered. T he fil七raもe was c once n七r a七ed a nd
も払en ba sifTled with chilled 5% aque o u sNaH C O3 S Olu七io n. T he whole
w a se如 T aCもed with C H C13 a ndthe o rga nic e xもT a Cも w a s w a shed with
w ate r a nd dried o v e rMgSO4. Ev apo r atio n ofthe s olv e n七 ga v eもhe
r e sidue, which w a spu rifTl ed by M P L C(5 % MeO H-C HC13)もo affo rd 58
m g(68 %)ofv omi 1e nin e(且3)a s c ol rle s spris m sfro m AcOEも･ m p 189-
191 OC(1it9)207o C). 桝 D1 9 -71.6 o(c=0.45, p yridin e) (1it9) -72
o
)･ I R
v m a x
K Br c m
- 1:3 300-3 000,2 950, 1740, 1600, 1450, 1 230･ UV 九m a xMe O H
n m :219
,
2 60. 1H- N M 現■(500 M Hz, CDC13)8:6.0 6(1H, br s, O H), 5.7 5
(1H,q, eT=6.6 Hz,19-H),5.03(1H,br s, 2 1- H),4.98(1H, s, 17･H),4･31(且H ,
dd
,
J=7.且
,
乱8 Hz, 3- H),3.92(1H,忠, J=5.8 Hz, 5-H),3.28(1 H, m , 15-H),
乱77(1H , d d, J=1乱1, 4.7 Hz, 6- Hβ), 2.17(3 H, s, C O C H3), 1.68(3 H, a,
J=6.6 Hz
,
18-仁HS). 13C- NMR(Table 1-4). MS mJz(%):350(M
'
,29), 169
(100),4 3(15). An al. Calcdfor C2 1H2203N2.1/4王‡20:a,7 1.0 7;H, 6･39;N,
7.8 9. Fo u nd: C
,
7 0.9 6; H, 6. 27; N, 7.82. Ex a ct MS Calcd fo r
C2 1H22N203:350.1629. Fo und:350.1627.
駒 場pa 野鼠鮎 m o官(且9Z)- v o mile 血 ¢(朗)
zin cdu st(99mg) w a sad dedto a s olutio n of(35) (4 2 mg, 0･0 8
m m ol)in a c etic a cid(2 ml), a nd the mixtu r e w as stirred at r o o m
te mpe r atu r efbT l･5 h･ A residu e obtain ed by w ork
- up as de s c ribed
abo v e w a spu rified by M PLC(i-PrO H-C H Cl3
-he x an e,7:63:30)to giv e21
7 1
mg(75 %)of(望4)as a n a m o rpho us solida nd 3mg(7%)ofthe s七a Tting
m aterial(35). I Rv m a xC H C13c m
- 1: 3 60-3100, 2970, 1740, 1 230･ m
九m a㌔tO Hn m :219, 258. 1H ･ N M R(500 M Hz, CD C13)8:7･65
-7･20(4 H, a ,
ar m- H),5.54(1H,qlike,19-H),5.19(1 H,
■
s,2 1-H),4･9 9(1H, ら, 17-班),2･1 6
(3 H, s, C O C H3), 1.8-1.6(3 H, 18-C H3).
1 3C- NM R(Table 1-4)I Ex a ct M S
Calcd fTo rC21H22N203:350.1629. Fo und:350･1621･
馳 epa T a滋on ofpe T akin e(14)鮎 ぬ(19Z)･vo m㍊enin e(朗)
A solutio n of(2 4) (6 mg, 0.017 m m ol)in a c etic a cid(0･5 ml)w a s
stir r ed atr o o mte mperatu re u nde r a n a rgo n atm o sphe r e･ A氏e r17 也, a
s m allpo rtio n ofthe r e a ctio n mixtu r e w a s n e utralized wi th chilled
a m m o nia w ate r and extr a cted with C H C13. T he o rganic e xtra ct w a s
d ried o v e rMgS O4 and e v apo r ated. T he c r ude r e sidu e w a ssubje ctedto
IH -N M Rm easll r e m e nt. T he r atio of(19 Z)･ v o mile nin e (24) a nd
pe r akin e(14)w as c alculated fTr o mthe integr als ofthe sign als ofthe
ole丘nicpr oto n(19-H)of(2 4)a ndthe aldehydepr oton(21-H)of(14). T he
r eactio n mixtu r e afte r 17 hc o ntain ed 25 %pe r akin e(14) and 75 %
sta rting m ate rial(2 4). T he r e m aining r e a ctio n mixtu r e w a s stirred at
the s a m ete mpe r atu r efわr tw o w e eks. T he
lH -N M Rspe ctr u. 孤 orthe
crude residu e obtain ed by the s a m e w o rk
- up pr o c edu r e a s abo v e
sho w ed the e x clu siv e pr e s e n c e of pe r akin e(1 4). T he r e si du e w a s
crystalliz edfr o m a c eto n e-he x a n eto giv e4 mg ofc olo rle s spn s m s. m p
179-182o C(1it12)183o C). T h占chr o m atogr aphicbeha vio r o nT L C, a s
w ella stheIR, M S, Ex a ctM S(Calcd fo rC2 1H22N203:350.1 629. Fo und:
350. 1622), a nd lH - (Table 1-5) a nd 1 3C - N M Rspe ctr a or the
7 2
s emisynthetic c o mpo u nd w e r ei de ntic al with tho s e of
-
a uthe ntic
perakin e(且4). T he ste r e o chemistry at the C -1 9a nd C-20po sitio ns w a s
furthe r C O nfir m ed bythe diffTe r entialNO Espectr u m. Ir r adiatio n of 18-
H3(8 1.30)in(14)ledto e
L
nhan c e m e nt ofthe5-H(16 %)a nd H-2 0(15 %)
slgn als .
●
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濫Ⅹ 師 m m emis o雷C hapぬT盟
○
馳 ℡p 弧 鮎 皿 0雷ぬe c a Tbo m aぬ(鶴)免Ⅶ m 頑m ah e(且盟)
To a vigo r o u sly stir red s olutio n of ajm alin e(且望) (2･O g, 6･13
m m ol)in C H2C12(60 ml)and aqu e o u sIN - NaO H s olutio n(16 mn,
cIC O2C H2P h(1.7 3ml, 1 2.1 2m m ol)w a s ad ded dropwis e at0
oC･ A 鮎T
1.5 hthe r e a ctio n mixtu r e w a sdiluted with C H2C12 a nd w a shed with
w a七e T. T he aqu eo u slaye r w a s e xtra cted with C H2C12･ T he c o mbin ed
o rga niclayer w a s wa shed with w ate r, dried o v er MgS O4, a ndthe n
e v apo r atedto giv e a r e sidu e, which w a s crystalliz ed fr o mAcO Eも 七o
affo rd 2.34 ど of(鶴)a s c ol rle s spris m s. 0.llg ofpu r e(鶴)w a sfbrthe r
obtain ed by the pu rific atio n ofthe m otherliquid with 皿a sh c olu m n
chr o m atogr aphy(AcO Et-he x a n e, 2:3)I Total 2･4 5ど(87 %)I mp 218
-220
oc(fro m a c eto n e). I Rv m a xKBr c m
- 1
:3300(br), 2 940, 17 40, 1 250･ U V
九m a xEtO Hn m :20 6, 2 48,291.
1= -NM R(270 M Hz, C D C13)8:5･1 9a nd
5.1 7(e a ch lH, a, J=12.0 Hz, O C韮2P h), 5.18(1H , s, 21- H). M S孤/z(%):
460(M＋,49), 326(26),91(100). Anal. Calcdfわr C28H3204N2･1/2 H20:C;
71.6 2
,
H;7.0 8, N;5.9 6, Fo u nd:C;71.26, H;6.79, N;5.89.
IB ad七etr 泡a ¢eぬte o xida位o n of 払eindo姐ne(44)
' To a stir r ed s olntio n of(鶴) (2,46g, 5.34 m mol)in dry C H2C12
(100ml) w a s ad ded Pb(O Ac)4 (2.0 g, 4.0 6 m m ol) at -7 0
oC u nde r
nitr oge n atm o sphe r e. A 氏e r25 mュn the r e a ctio n mixtu r e w a sdiluted
with C H C13 a nd v a sbed with aqu e o u slⅣ -N aO H s olu.tion . T he
7 4
aqu eouslaye r w a s e如 Ta Cted with C H C13. T he c o mbin ed o rga niclaye r
w a s w a shed with w ater, dried o v e rMgS O4, a nd e v apo r ated. 甘ke
re sidu e w a spu TifTl ed by fla sh c olu m n chr o m atogr
･
aphy (AcO Et-
hex a n e, 1:2)a ndthe n c rystalliz edfro m M二eO Hto yield1.67g(68 %)of
(趨6)a c c o mpa nied with 270mg(11 %)ofthe sta rting m ate Tia且(鶴).(魂6):
c o且o T且e s s n e edle s, mp 80-82
oC . I Rvr n a xK Br c m
-1: 望940, 1750, 1 700,
1 470
,
1望50. W 九m a xMeO Hn m :2 26, 282. 1H -N M R(270 M恥 C DC13)8‥
9.3 2(ユH, a,J=1.2 琵z, C H O),3,5 9(3 H, s, N -CH3). M S孤/ヱ(%):458(M＋,
40), 182(100),91(56). Anal. Calcd fo rC28H3004N2-1/4 H20:C;72.6 3,H;
6.64, N;6.05. Fo u nd:C;72.7 4, H;6.63, N;6.01.
窓pim ¢戚z a砿o 弧 0君(魂¢)wi蝕.i) 迅U
Å miⅩもu r e of(鯛) (1.525 g, 3.3 1m mol)and D BU (0.5 ml, 3.3 1
m m ol)in dry T H Y(5 0 ml) w as stir l
･
ed aも T O O mte mpe r atu r e u nde r
argon aもm o spheT efo r20 h. A fte r e v apo r atio n ofthe s olv e nts, the
r e sidu e was pu rified by flash colu m n chr o m atography (AcO Et-
hexa n e, 1:2)a ndthen by m ediu m pr e s s u r e c olu m n chr o m atography
(M P L C) (AcOE七-hex an e, 1:2)to affo rd 1.5 0g (99 %) ofthe epim eric
aldehyde (那)a s an a m o rphou spo wde r. I Rvm a xC H C13c m
･ 1: 2940,
1750, 1720, 1250. UV 九m a x
EtO Hn m :2 27, 283. 1H -N M:R(270 M Hz,
CI)C13)8:9.7 0(1H, s, CHO). M SnJz(%):458(M＋, 40),182(100),9 1(52).
N 娼署鞄 陀du c也o 皿 Of 伽 aldehyde(47)
To a stir r eds olutio n of(47)(206mg,0.45 m m ol)in MeO H(7 ml)
w a s ad ded NaB H4(20 mg, 0.5 3m m ol)at r o o mte mpe r atu r e. A 洗e r10
min c rystallin e of(鶴)w a spr e cipitated fr o mthe r e a ctio n s olutio n. T he
7 5
pr e cipitate w a sFilte r ed a nd w a shed with MeO
H to affo rd 1 10 mg of
(鶴). T he m otherliquidw a s c on c e ntr ated a nddiluted with w ate r･ T he
whole w a s e xtr a cted with 5 %MeO 臥 C H C13･ T he o rga niclaye r w as
dried o v e rMgSO4 a nd e v aporated･ T he r e sidu e w a s c rystalliz ed
fro m
he x a n eto yield 67mg of(48)･ Fu rthe rpurific atio n of the m otherliquid
by M PL C(AcO Et-hexan e, 1:2)ga v el lmg of(48)･ Totally 187 mg(90 %)
of(鶴) w a s obtain ed. (48): c olo rle s s n eedle s･ m p 177
-1 78oC (fr o m
he x an e). I Rv m a xC H C 13c m
- 1: 3 250(br･), 2920, 17 60, 1 2 40･ U V
九m a xEtO Hn m :229, 284･
1H -N M R(500M Hz, C D C13)8:317 3and3･67
(e a ch lH, d d, J= 10.0, 8.0 Hz, C旦20 H). MS m/z(%): 460(M＋ , 17), 3 26
(22), 183(100). Anal. Calcd fわr C28H3204N2
･1/2H20:C;71･62, I;7･0 8,
N;5,9 7･ Found:C;71･6 6, H;6･94, N;5･94I
馳 ep 甜 a点on ofthe m a c r oh e skelebn(51)
A miⅩtu r e of1.7 68g(3.84 m m ol)of(48)a nd MeI(1･2 ml, 1 9･2 8
m m ol)in dry MeO H(60ml)and dry V H F(60ml)w a s allo w edto sta nd
fo r85h u nde rda rk c o nditio n. A r e sidu e obtain ed bythe r em ov alof the
s olv ents a nd r e age nts w a sdissolv ed in V H F(75 ml) a nd 5 %KOH
s olutio n(75 ml)a ndthe mixture w a s stirred atr o o mte mperatu r efo r1
h. Afte r c o n c e ntr atio n of TH F, the miⅩtu r e w a sdiluted with w ate r
a nd e xtra cted with C H C13. T he o rga niclaye r w a s w a shed with w ater,
dried o v er MgS O4 a nd e v apo r ated･ T he r esidu e w a spu rified by fla sh
c olu mn chr o m atogr aphy (AcOEt to 2%MeO H-AcO Et)to giv el･20 8g
(92 %)or(51)a s a n a m o rpho u spo wder(diaste r e o m e ric mixtu･r e of 2:1)･
I Rv m ax
C H C13c m
- 1:3 500-3100, 2950, 14 70･ tJV 九m a xEtO
H
n m :2 28･
7 6
286. 1H -N M R(50 M Hz, C D C13)(s ele cted data ofm ajorprodu ct)8:5.04
(1 H, s,21- H),2.32(3H, s, Nb-CH3). M Sm/z(%):340(M＋, 100),224(39),
1 97(82),60(2 2). Ex a ctM S Calcd forC21H28N202:340.2149. Fo u nd:340.
2147.
P he n 樹 e n e myh 也o n o官払e a c e七弧(凱)
To a stir r eds olutio n of(昂且)(1.7 73g,5.2 1m m ol)in a c etic a cid(33
ml) w a s ad ded 4Å m ole cular sie v e s(6 ど) and fre shly distilled
piperidine(1.34 ml, 13.55 m m ol)a ndthe miⅩtu r e w a s r eflu x ed fo r2 h
u ndeナ argon atm o sphere. Mole c ula r sie v e s w e r efilte r ed offa nd a c etic
a cida nd piperi din e w ere r e mo ved f1
4
0 m the filtr ate lュnde r r edu c ed
pr e s s u r e. T he re sidu e w a sdis solvedin dry C H2C12(20ml)a nd a
s olutio n ofPhSeBr(1.490g, 6.19m m ol)in dry C H2C12(26 ml) w a s
ad ded a七0 0C. T he mixtu r e w a she atedu nde r r eflu x c o nditio nfわr 4 也.
T he r e a ctio n mixtu r e w a sdiluted with CH C13 a nd w a shed with
aqu e o u s5 % NaH C O3 S Olutio n. T he aqu e o u slaye r w a s e xtr a cted with
CH C13 a nd c o mbin ed o rga niclayer w a sw a shed with w ate r a ndthe n
d ried o v e rMgS O4. Re m o v al ofthe s olventgave a r e sidu e, which w a s
pu rified by fla sh c olu m n chr o m atogr aphy (AcOEt) and the n
c rystallized fr o mhot MeO Hto pro vide 97 1 mg of(54) as c olo rle s s
pr is m s . T he m othe r liquid w a s s ubje cted to ma sh c olu m n
●
chr o m atography(AcO Et-he x a n e, 1:1)to yield270血g of(54). Totally
1.24 1g(4 7%)of(5 4)w a s obtain ed･ mp 180-181･5
oC
･
I Rv m a xK Br c m
- 1･
･
29 00, 1450, 1030. U V 九m a x
EtO Hn m :223, 286･ 1H -N M R(500 M Hz,
C DC13)8
･
. 7.5 6-6.6 9(9 H, a r o m atic H), 4.4 6(1H , s, 21- H), 3･31(3 H, s,
7 7
O C H3). M Sm/z(%):510(M＋ , 2 3), 31 1(100), 19 7(83). An al. Calcd fTo T
C28H3402N2Se:C;66｡00, H;6.7 3, N;5.5 0. Fo u nd:C;66.0 3, H;6.7且, N;
5.4 1.
訊 惣P 甜 汲嘘o 弧 0野馳e oRe 触 (55)貌皿戚(56)
A s olutio n of NaIO4(1.0 3g, 4.82 m mo且)in w aもeT(15mり w a s
ad dedもo the s七ir T eds olutio n of
'
(朗)(1,6 3g, 3.20 m m o且)in T H F(30ml)
and M eOH (30 ml) at 0 oC. T he mixtu r e w a s sもiT T ed aも T OO m
もe mpe T aもu r efTo T5 h. A 氏e Tfiltr atio n ofthe pr e cipitate, thefil七T a七e wa愚
co nce ntTaもed and diluted with 5 % NaHCO3 S Oluもio n. T he whole w a s
extra c七ed with C H C13. T he o rga nic e xtr a c七 w a s w a shed with w a七色T,
dried ov er MgS O逢, a ndthe n e v apo r ated, T he r esidu e w as subje c七edもo
ma sh c olu m n chr o m aもogr aphy (AcO Et-he xan e, 1:1)もo giv e 930mg
(83%)ofthe miⅩtu r e of(55)a nd(5 6), T he lH -N M Rspe ctr um ofthis
鉦a ctio n sho w ed the r atio of(5 5) a nd(5 6) a s appT O Xim ately 2:1.
Re c TyStalliz atio n of th isfr a ctio nfr o m a c eto n ega v e5 33mg(47 %)of(55)
a s c ol rle s spris ms･ Repe ated chr o m atography u sing M P LC ga v e46
mg ofpu r e(5 6)･(5 6): mp 198-202
oC, IRv m a xK Bl
･
c m
- 1: 2900, 1460,
1 040･ U V 九m a xEtO Hn m:230,2 85･ 1= -N M R(500 M Hz, CDC13)8:5.2 3
(1H, s,2 1-H),5･15(1H, q,J=7.0 Hz, 19-I), 4.41(1H,t,J=11.6 Hz,1 7α - H),
3･4 3(3 H, s, OCH3), 2.26(1H,td,J=5.0, 12.6 Hz, 15-H),1.5 6(3H ,a,J=7.0
Hz
,
18- Me). MS nJz(%):352(M＋ , 91), 197(100), 17 0(72). Ex a c七 MS
Calcd fo rC22H28N202:352･2148. Fo u nd:352. 147｡ (56): a m o rpho u s
po wde r･ IRv m a xC H C13cm
- 1:2950
,
1 4 70
,
1105, 1040･ U V 九m a xEtOH
n m :230
,
285･ 1H -NMR(270 M Hz, C D C13)8:5.3 9(1H , q, 6.9 Hz, 1 9-H),
7 8
4
,
7 2(1H, s, 2 1- H),3.37(3 H, s, O C H3), 1.23(3H,d,J=6.9 Hz, 18-M e). MS
m/z (%): 352(M ＋, 7 8), 197(100), 1 70(77). Ex a c七 M S Calcd Fo r
C望2H28N202:352. 148. Found:352.2140.
甘朗c 卿 紘臆(鳳6)鰍o m(馬5)
Å mi又も岨T e Of
'
(昂馬) (100mg, 0.2 8m m ol)in aqu e o u s5 % H望SO複
s o且uもio n(6 ml) w a s stiT T ed aも r o o mte mpe T atu T efo r24 h u nder argon
atm o sphe r e. C ⅠまC且3 W a S added to もhe re a ction 血ixもu Te a nd もhe
aqu e o u s且aye T W a s C a r efullyba sified with 5 % Na‡昔C O3S Olu七ioぬ a七O
oC
u nde r SもiT ring. Af
l
teT S epa r atio n ofthe o rga nic laye r, the aqu e o u s
旦aye T W a s e 荒も柑 Cもed with C H C13. T he c o mbin ed o rga nic pha s e w a s
w a shed with w a七e T, dried o v e rMgS O4, a nd e v apo r ated. T he T e Sidtl e
w as pu Ti鮎d by M P L C(2,5 % MeO H-CH C13)toyield 28mg(So 侮)of
-
(且6)
a nd 5 6mg(59 %)of
.
(那). (且5): c olo rle s spris m s, m p 160-1 61
oC(fr o m
hexa n か a e etOn e- eもheT) (lit.26)167･ 169oC). ⅠR v m a xK BT c,m
-1: 2900,
1720,14BO,1380,740. U V 九m ax
MeO H
n m.
･ 2 28, 285. 1Ⅰ‡-NMR(400 M Hz,
CD C13)8:9.94(1 H,a, J=3.3 Hz, C H O), 4.且3(1H ,忠, J=1 1.7 琵z,1 7α - H),
3.9 7(1 H, bT-S, 3- 班), 3.9 7(1 H, qd, J=6.6, 2.4 fig, 19-H), 3.8 9(1Ⅰ‡, d d,
J=1 1.7, 4.9 Hz, 17β-H),3.62(3H, s, Na -CH3), 3.27(1H, d d, J= 16.6, 7.A
Hz, 6α - H), 2.90(lil, a, J=7,1Hz,5- H), 2.49(1H,td,J=12.9, 4,2 Hz,14α -
H), 2.4 5(1 H, a,J=16.6 Hz,6β-H), 2.32(3H, s, Nb-仁HS), 2.20(1H,15-H),
2.0 6(1H,16-H),1.78(1H,t･1ike,20-H),1.45(1 H,a dd,J=12.5, 4.4, 2.5Hz,
14β-H), 1.30(3王壬, d, J=6.6 Hz, 18- M e). 13c -NMR(Table 2- 1). M Sm/z
(%):338(M＋ ,9 9), 197(100),70(70)I Exa ct MS Calcd fo rC21H26N202:
338. 1992. Fo u nd:338.1985, CD(c=0.237 m m ol乃, M eOH, 29 oC):Ae(n m)
7 9
-14.2 2(227), 0.70(274),0.93(301). Nb- m ethyl- Nb,21-s e c otalpinin e(S 7):
c olo rle s sa m o rpho u spo wde r, I Rv m a x
CHC13 c m- 1:2 950
,
1720
,
1470･
tJV 九m a xMeO H･n m :2 28, 285･
1H - NM R(50 0 M Hz, C D C13)8:9･41(1 H,
良
,
C H O), 4.0 6(1H, t,J= 11.9 Hz, 17α - H), 3.9 5(1H , s, 3- H), 3.92(1 H, qd,
J=6.0
,
9.9 Hz, 19-H),3.58(3 H, s, N a-C H3), 2.3 6(1H, m ,2 0-H),2.3 1(3 H,
s
,
Nb-C H3), 1.20(3H , d, J=6.0 =z, 18- M e)･ 13c-N M R(Table 2- 1)I MS
m/z (%): 338(M ＋ , 5 8), 197-(100), 7 0(69). Ex a ct M SCalcd for
C2 1H26N202:338. 1992. Fou nd:338.1998.
Ac eta睡(58)免℃ m 七alca叩in e(15)
To a s olutio n oftalc arpin e(15) (9 mg,0.0 27m m ol)in MeO H(1
ml) w a s added NaB H4(3.6 mg, 0.0 96m m ol) a nd the mixtu r e w a s
stir r ed fo r3 hat r o o mte mpe r atu r e. A fte rdilutio n ofthe r e a ctio n
mixtu r e wi th 5 % NaH C O3 S Olutio n, the whol
､
e w a s e xtr a cted with
C H C13. T he o rga nic laye r w a s w a shed with w ate r a nd dried o v e r
MgS O4. Re m o v alofthe s olv e ntga v e a r e sidu e, wbicb w a str e ated with
dry p yridin e(0.5 ml) a nd a c etic a nhydride (0.2 5 ml) at r o o m
te mpe r atu r efo r6 h. A r e si du e obtain ed bythe u s u al w o rk up m a n n e r
L
w a SPu rified by M P L C(5 % MeO H-C H C13)to giv e6 m g(58 %)ofa c etate
(58)a s c ol rle s s oil. I Rv m a xC H C13c m- 1:2940, 1730, 1 470, 1130. tTV
九m a xEtO Hn m :2 30, 285. 1H -N M R(500 M Hz, C D C13)8:4.21(1 H, d d,
J=11.3
,
6.6 Hz
,
2 1- H),4. 13(1H , dd, J= 1 1.3, 7.4 Hz, 21-H), 3.9 0(1H, qd,
J=6.9, 2.2 Hz, 1 9-班), 2.5 1(1H, td, J= 1 2.9, 4.1 Hz, 14α - H), 1.6 6(3 H, s,
O C H3), 1.14(3H, d, J=6.6 Hz, 18- M e). MS m/z(%):382(M＋ , 100), 268
8 0
(15), 197(7 6), 183(21), 7 0(37). Ex a ct M S Calcd fo rC23H30N203:
382. 254. Fo u nd:382. 2 48.
鞄 肋 陀 鵡o mof(55)
To a s olutio n of(65) (271 mg
･
,0.76 9m m ol)in dryT H F(1望 ml)w a s
added B H3◎S Me2 C O mPle xin T H Y(0.3 8ml,3.80m m ol)at -70
oC a nd
the mixtu r e w a s allo w edto sta nd aも ー 20
oC fo r120 h. Fu rthe r m o r e,
B Ⅰ‡3◎SM e2in T H F(0.0 77ml, 0.77 m m ol) w a s ad de
･dto the re action
mi又もu r ea七 ･20
oC a nd it w a sleft o v e r night a七the s a m ete mpe ratu r e.
3 N-N aOH s olutio n(5.5 ml)a nd So微 H202SOlution(1.1 ml)w e r e ad ded
at 0 oC a nd the mixtu r e w a she ated at 90 oC fo r1 h. T he r e a ctio n
mixtu r e W a sdiluted with w ate r and extracted with C HC13. T he
o rgamiclaye r w a s w a shed with w ater, dried o v e rMgSO4, and the n
e v apo r ated. T he r e si du e w a spurified by M:P L C(MeO H, C H C13,
he x a n e4:56:60)七o yield78 mg(27 %)of(60),74 mg(26 %)of(凱), and59
mg(22 %) ofthe sta rting m ate rial(5 5). (6 0): c olo rle s s a m o rpho us
po wde r. I R v m axCHC13c m
- 1: 3 600-3 200
,
2 94 0, 1470, 1050･ U V
九m a xEtOH n m :229;285. 1H -N M R(500 MEz, CDC13)8:317 2(1H,dq,
J=7
,
6.3 Hz,19-H), 1.5 7(1H, d ad,J=7.5,5.0,3.6 Hz, 20-H),0･90(3H, d,
J=6.3 Hz
,
18- M e). M Sm/z(%):370(M＋, 100),197(83),70(56)･ ExactMS
Calcd fo rC2 2H30N203: 370.2255. Fo u nd: 370.2262. (61): colo rle s s
n e edle s
,
mp 130-132
0C(fro m ether)I I Rv m a xK Br c m
- 1‥ 3600-3200,
2900
,
1 470
,
10 60. U V 九m ax
EtO Hn m･･ 23 1
,
285･ 1H -NM R(500 M Hz,
C D C13)8･. 3.84(1H, dq,J=6.3,6.3 Hz,19-H), 1.51(1 H･ td,J=6,3･6 Hz,20-
H),0.96(3Ⅰもd,J=6.4 Hz, 18- M e). M Sm/z(%):370(M＋, 10), 197(89),7 0
81
(54). An al. Calcd fbT C22H3003N畠･1/2H20:C;69.6 3, H;8.23, N;7.3 8.
Fo u nd:C;69.6 5, H;8.23, N;7.3 1
Sw a m o xi ぬtio m of 故旭 alcohol(60)
A s olutio n or D M S O(74ml, 1.04 m mol)in CH2C12(0.5 ml)w a s
ad ded dropwis e a七 -70
oC.to a stirred s olutio n ofo x alylchloride(54 ml,
0.6 34m m ol)in C H2C12(0.5 ml). T he mixtu r e w a s stir r ed at -7 0oC fわr
lO min . A s olutio n of(60) (77 mg, 0.2 08m m ol)in dry CH2C12(1 ml)
w a s ad ded dr opwis e a ndthe mixtu r e w a s stirred a ト70
oCto -20 oCfTo r
1也. Et3N(0.23 ml, 1.6 6m m ol)w a s ad ded andthe mixture w a s stir r ed
at - 20 oC to r o o mte mpe r atu r efo r 1 h. T he r e a ctio n mixtu r e w a s
diluted with C H C13 a nd w a shed with 5 % NaHCO3 S Olutio n. T he
aqu eo u slaye r w a s e xtr a cted withCH C13. T he c ombin ed o rga nicphas e
w a s w a shed with w ate r, dried o v e rMgS O4 a nd c o n c e ntr ated. T he
r e si due w as s ubje ctedto M P L C(he x a n eTAcO Et, 1:2)to pro vide 54mg
(70 %)of keton e(62)a s c ol rle s s n e edl s, mp 138-1 40
oC(fro m MeO H).
I Rv m ax
K Br c m- 1:2950
,
1 705, 14 70, 1040･ U V 九m axEtO Hn m :2 30,285.
1H -N M R(500 M =z, C D C13)8:5･0 6(1 H, d,J=3.6 Hz, 21-I),2.4 8(1 H,dd,
J=4･7
,3･6Hz, 20-H), 1･9 9(3 H, s, 18- M e). MS a/z(%):368(M＋ , 100),1 97
(72), 70(67)･ An al･ Calcd fわr C2 2H2803N2: C;7 1.7 1, H;7.6 6, N;7.6 0.
Fo und.I C;71.6 6, H;7.6 6, N;7.61
Swim o xidatio n of(6 1)
Sa me tr e atm e nt of(61) (45 mg, 0.1 2 1m m ol)with D MSO, o x alyl
chlo ride, a nd Et3N in dry C H2C12 affo rded26 mg(57 %)of(62)alo ng
with 9･4 mg (21%) ofthe starting m ate rial. (62) obtain ed by this
8 2
r e a ctio n w a sride n七ic al with 七he s a mple deriv ed fo r m(60)by the
c o mpa ris o n oftheir mp, T LCbeha vior, 1H -N M R, a nd M Sspe ctr a.
Å臨b n e Ti弧e(且6)&o m(6望)
A miⅩtu r e of(69) (45.5 mg, 0.1 23 m mol)a nd NaO H(49 mg, 1.2 3
m m ol)in MeO H(2 ml) w a s stir r ed at0 oC fTo r30min . The T e a C七ion
mixtu r e W a sdiluted with w ate r a nd e xtr a cted with C H C13. T he
o rga nic pha s e w a s w a shed with w ate r, dried o v e rMgS O4. Re m o v alof
the s olv e n七ga v e a r e sidu e, which w a spurifiedby M P L C(0.7 % MeO臥
CH C13)七ofu rnish 37mg(89 %)ofalsto n e rin e(16)a s c ol rle s spris m s,
mp. 162-164
OC(hotplate;172- 175
oC) (fr o m ethe r) (lit.29)172-17 3oC).
[dlD26 -140 o(c=0.2, EtOH). I Rv m a xK Br c m
- 1:2930, 1655,1620, 1480,
1200. tJV九m a xEtOH n m :230,2 59. 1H -N M R(500 M Hz, C D C13)8:7.5 3
(1H, 良, 2 1- H),4.4 1(1H,t, J= 1 1.2 Hz, 17α - H), 4.17(1H, ddd, J=11.0, 4.1,
1.6 H2:, 17P-H), 3.87(1H, d d,J=3.3,3.0 Hz,3- 冗). 3.65(3 H, s, Na - CH3),
3.0 9(1 H, d,J=6.9 Hz,5-H),3.3 3(1H,d d,J=16.5, 6.9 Hz,6α - H), 2.5 0(1 Ⅱ,
d, J=1 6.5 Hz,6β-H),2.62(1H, dt, J=12.1, ～5 Hz, 15-E), 2.32(3 H, s, Nb-
C H3), 2.0 9(3 H, ら,18- M e),2. 13(1H,d ad,J=12.9,4.9,3.0 Hz, 14β-H),1.8 2
(1H,td,J=1 2.4, 4.1 Hz, 14α - H), 1.91(1H, dt,J=12.4,4.1 Hz,1 6-H).1 3c-
NM R(Table2-2). M Sm/z(%):336(M十 , 100), 197(77),181(46), 170(82).
Ex a ctM S Calcd fo rC2 1H24N202:336. 1842. Fo und:336.1836.
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B:Ⅹ‡栂 m mentS Of C hapte r3
●
駅 陀 Pa 折aiio m o宮地e c a抽 a mabe(78)鉦o m細m a且払e(且望)
A mixtu r e of aj･m alin e(且望) (500mg, 1.5 32 m m ol), N ,N -
dim ethylhydr a zin e(0.58ml, 7.6 34 m m ol), a c atalytic am o ut of H2SO4
(5dr ops), m olel ula r s elv e s3A a nd etha n ol(10 ml)w a she ated u nder
r eflu xfo r3 h. T hefiltr ate obtain edbythe 点1tr atio n of m ole c ula r s elv e s
w a s c o n c e ntr ated u nde r r edu c ed pr e s s u r e.a nd the n ba sified with
a m m o nia w ate r. T he aqu e o u slaye r w a s e xtr a cted with C H C13 a ndthe
o rga nic laye r w a s w a shed with w ate r, dried o ve r MgS O4, and
e v apo r ated. T he r e sidu e w a sdis s olv edin lN -N aOH/CH2C12=1:4(12.5
ml) and c a rboben zo xy chloride(0.25 ml, 1.751 m mol)w as addedtothe
mixtu r e at0 oC. T he r e a ctio n mixtu r e w a s vigoro u sly stir red atr oo m
te mpe r atllr efわr 30 mュn . T he o rga niclaye r w a s s eperated and the
aqu e o u slaye r w a s e xtr a cted with C H C13. T he c o mbin ed o rga niclaye r
w a s w a shed with w ater, dried ov er MgS O4, and e v aporated. T he
r e sidu e w a s s epa r ated by M P L C(AcOEt-hex a n e, 2:1)to giv e60 mg
(80 %)of(78) a s a n a m orpho u spo wde r. I Rv m a xC H C13 c m
-1: 3 400,
2950
,
1690. U V 九m a xEtO Hn m :206, 246, 291. 1H - N M R(27 0 M Hz,
C D C13)8:6.43 a nd 6.4 2(1H , e a ch d, J= 7.4 Hz, 2 1- H), 5.23, 5.0 9(1H ,
e a ch d, J= 12.8 Hz, C珪aHbC6H5), 5.21, 5.0 8(1H , e a ch d, J= 12.5 Hz,
C Ha鞄C6H5), 2･77, 2･74, 2･7 3, 2.62[9 H, e a ch ら, Ⅳ a- C H3, 〟(C H3)2]. M S
m/z(%):502(M＋,5 0),358(16), 144(59),91(100).
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